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In the Papilionaceae the endosperm is 
of the Nuclear type. A large number of 
free nuclei are formed and these arrange 
themselves along the periphery of the 
embryo sac often aggregating at the 
micropylar and chalazal ends. Cell for- 
mation takes place in the micropylar part, 
later extending towards the chalaza. In 
some instances, the chalazal part of the 
endosperm continues to remain free nu- 
clear and may even assume a haustorial 
rôle. Young (1905 ) observed a chalazal 
endosperm mass of the nature of a haus- 
torium in Melilotus alba and the present 
author ( Anantaswamy Rau, 1951 ) noted 
the occurrence of a free nuclear tubular 
process in the chalazal part of the endo- 
sperm in several species of Crotalaria. A 
lateral extension of the embryo sac, or 
diverticulum, containing free endosperm 
nuclei occurs in Rothia trifoliata ( Ananta- 
swamy Rau, 1951). The present paper 
gives an account of the observations 
made on the endosperm, particularly the 

ctivity of the chalazal end, in the follow- 
ing species of the Papilionaceae: Glycine 
javanica L. ( Phaseoleae ), Tephrosia pur- 
urea Pers., Tephrosia procumbens Ham. 
Galegeae ), Clitoria ternatea L. ( Phaseo- 
eae), and Pongamia glabra Vent. ( Dal- 
ergieae ). 


Observations 


GLYCINE JAVANICA — This is an ex- 
ensively climbing plant with reddish 
owers in long dense racemes. A large 
umber of ovules are arranged on the 
arginal placenta but only a few of them 
evelop into seeds which are separated 
y septa within the pod. The ovules 
re hemitropous with a slight bend at the 
icropyle (Fig. 1) but in later stages 
ssume a curvature at the chalazal end 


also. The two integuments consist of 
three cell layers each and the inner layer 
of the inner integument bordering the 
embryo sac consists of regularly arranged 
cells possessing dense contents. In later 
stages, however, the inner integument is 
completely crushed and the seed coat is 
derived from the outer integument only. 
The nucellus is present along the sides to 
the extent of two to three cell layers but 
is thicker at the chalazal end of the 
embryo sac. The numerous endosperm 
nuclei are distributed along the periphery 
of the embryo sac but some enlarged 
nuclei are found in the chalazal end of the 
embryo sac which is narrow and tubular 
(Fig. 2). The disorganized remains of 
the antipodals can also be recognized. 
Cell formation in endosperm commences 
in the micropylar region in the neighbour- 
hood of the embryo and later extends 
downwards. The tubular chalazal part 
containing free endosperm nuclei assumes 
a haustorial rôle encroaching on the 
surrounding nucellar tissue and gradually 
digesting it (Figs. 3-5). Later, this 
portion of the endosperm might become 
separated into multinucleate units al- 
though no definite cells are organized. 
The nuclei become hypertrophied and 
some nuclear fusions are also seen. 
Before the activity of the endosperm 
comes to an end, a small group of nucellar 
cells at the chalaza becomes thick-walled 
and forms a kind of barrier resisting 
further encroachment by the endosperm 
( Figs. 4, 5). The cellular portion of the 
endosperm is completely used up by the 
embryo and no trace of it is seen in the 
mature seed. The epidermis of the seed 
coat consists of transversely elongated 
cells which take an intensely dark stain 
and similar darkly stained cells are seen 
on the funicular side of the seed ( Fig. 5 ). 
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TEPHROSIA — Here the ovules are am- 
phitropous with the two integuments and 
a massive nucellar portion towards the 


chalaza ( Fig. 6). 
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FıGs. 6-13 — ( 0.i., outer integument; i.i., inner integument; nuc., nucellus; v.f., vascular trace: 
cot., cotyledon; c.e., cellular zone of endosperm; n.e., nuclear zone of endosperm ). Figs. 6, 7, 
Tephrosia purpurea. Fig 6, 1.s. of developing seed. Fig. 7, chalazal part of seed showing nucellar 
mass and antipodal end of embryo sac wedged in it. Figs, 8-11, T. procumbens. Figs. 8-10, 
chalazal part of seed showing stages in activity of endosperm, disorganization of nucellus and 
formation of a pad of thick-walled cells at base. Fig. 11, section of wall of developing seed. 
‚Figs. 12, 13, Clitoria ternatea. Fig. 12, chalazal part of developing seed showing tapetum-like layer 
of inner integument, massive nucellus and free endosperm nuclei encroaching on nucellus. Fig. 13, 
part of wall of developing seed showing endosperm nuclei in division, tapetum-like layer of inner 
integument and inner layer of outer integument. Fig. 6, x33; Fig. 7, x100; Fig. 8, x 100; 
97755, ic On x 100s big) EC 280) Pig 12, < 100; Big, 13; x 100. 
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with the other layers of the inner inte- 
gument becomes crushed and consumed 
during later stages and it is the outer 
integument which forms the seed coat. 
Its outer wall becomes heavily cutinized 
and the cells of the epidermal and sub- 
epidermal layers become columnar with 
their long axes at right angles to the 
longitudinal axis of the seed. Of these 
two layers, the cells of the outer are 
filled with darkly staining contents while 
those of the inner have vacuolated cyto- 
plasm. The next three or four layers 
towards the interior consist of highly 
vacuolated cells followed by four layers 
of cells with inter-cellular spaces ( Fig. 
11). Certain enlarged cells with dense 
cytoplasm and prominent nuclei are dis- 
tributed in the middle part of the outer 
integument and frequently these cells 
undergo one or two divisions resulting in 
groups of two or three cells. Similar 
groups of cells are also seen in the cotyle- 
dons. It is probable that these are of a 
mucilaginous nature. The free endosperm 
nuclei are at first distributed along the 
periphery of the embryo sac but soon 
gather around the embryo at the micro- 
pylar end and also at the antipodal end 
of the embryo sac which is wedged in the 
nucellar mass ( Fig. 7). As development 
proceeds the seed cavity widens and the 
nucellar mass gets separated from the 
integument by a wide gap ( Fig. 8). The 
vascular supply to the ovule terminates 
at the chalaza and some elongated cells 
from this region lead into the nucellar 
mass (Fig. 8). Cell divisions are fre- 
quently seen in this region followed by an 
enlargement of the upper cells which 
causes the nucellar mass to project into 
the seed cavity. Meanwhile the endo- 
sperm nuclei undergo a considerable in- 
crease in number and completely surround 
the nucellus eventually bringing about 
its total disorganization. Cell formation 
in endosperm commences in the micro- 
pylar region and extends downwards but 
free endosperm nuclei persist in the 
neighbourhood of the nucellus. The dis- 
organized remains of the nucellus can be 
recognized even at a late stage ( Fig. 10) 
but a few cells at the base along with 
some cells of the chalaza become thick- 
walled and form a barrier tissue ( Fig. 10 ). 
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CLITORIA TERNATEA — This is a climber 
with large bright blue or white flowers 
and elongated flattened pods. The ovules 
are semi-anatropous and of the two 
integuments, the inner is three-layered. 
The inner layer of the inner integument 
bordering the embryo sac is organized in 
a tapetum-like fashion (Figs. 12, 13). 
The free endosperm nuclei are arranged 
along the sides of this layer ( Fig. 13). 
The outer integument is composed of 
several layers of cells and eventually 
forms the seed coat. 
massive towards the chalaza and as the 


seed cavity widens in later stages, it | 


projects into it. The antipodal end of 


the embryo sac is wedged in this nucellar 


mass and free endosperm nuclei lying in 
dense cytoplasm gather at this end. As 


development proceeds, this nucellar mass | 
is disorganized but some of the cells at | 
the base become thick-walled and persist | 


even in the mature seed. Cell formation 
in the endosperm takes place when the 
embryo is in an advanced stage of 


development and is restricted to just | 


one or two layers around the embryo, 
the remaining part remaining free 
nuclear. 

PONGAMIA GLABRA — The amphitro- 
pous ovules are arranged on a marginal 
placenta. 
of several layers of cells and later forms 
the seed coat. The inner is made up of 
three layers of cells but these get crushed 
during the further development of the 
seed. The endosperm is rather scanty 
and occupies a thin layer along the peri- 
phery enclosing a large central vacuole. 
At the chalaza, the nucellus is very pro- 
minent and forms a funnel-shaped struc- 
ture with rows of cells radiating all round 
( Figs. 14, 17). A cross-section of the 
nucellus shows the crushed cells about its 
middle and the endosperm nuclei lying in 
the cavity of the nucellus ( Figs. 15, 16). 
Concomitant with an increase in number 
of endosperm nuclei there is a gradual 
disorganization of the nucellus. The free 
endosperm nuclei also get into the space 
between the nucellus and the integument 
on the funicular side ( Fig. 18). Even 
here, a pad of thick-walled cells is or- 
ganized at the base of the nucellus in later 
stages. 
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Fics. 14-18 — Pongamia glabra. (o.., 


nucellus ). 


radiating cells all round, disorganizing nucellar cells in middle and free endosperm nuclei. 


outer 
Fig. 14, 1.s. of developing seed. Figs. 15, 16, t.s. of nucellus at different levels showing 


integument; 2.2, inner integument; nuc., 


Figs. 17, 


‚18, chalazal part of seed showing nucellus and free endosperm nuclei whose activity brings about 


disorganization of nucellus. 
Conciusion and Summary 


In the species investigated here the 
nucellus forms a prominent structure at 
‘the chalaza and projects into the seed 
‘cavity when it widens. It might also 
‘increase in volume as a result of cell 
‘divisions at its base, as in Tephrosia. The 
endosperm, which remains free nuclear 
in the chalazal part of the developing seed, 
comes into intimate contact with the 
nucellus by extending into it or surround- 
ing it as in Pongamia and Tephrosia, or by 
forming a haustorial process as in Glycine. 
In any case the nucellus is eventually 
digested and further encroachment by 


Fig. 14, x33; Figs. 15, 16, x 100; Figs. 17, 18, x 100. 


the endosperm is stopped by a pad of 
thick-walled cells formed at the base of 
the nucellus. This characteristic organ- 
ization of a barrier tissue might be com- 
pared to the ‘ postament’ described by 
Dahlgren (1940) in several species of 
angiosperms belonging to diverse families. 
In later stages the endosperm becomes 
cellular in the micropylar part and the 
free nuclei occurring in the chalazal 
haustorial region eventually disintegrate. 

My sincere thanks are due to Prof. P. 
Maheshwari of the University of Delhi for 
many helpful suggestions, and to Prof. 
L. N. Rao of Central College, Bangalore, 
for kind encouragement. 
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Government College, Ajmer, India 


Orobanche is a scapigerous, herbaceous, 
total, root parasite causing great damage 
to field crops. O. cernua var. desertorum, 
which is very common at Ajmer during 
the rains and winter months, parasitizes 
several members of the Solanaceae { Fig. 
1). O. aegyptiaca has not yet been 
collected locally, but I was able to grow 
it successfully in the botanical garden 
of the college where it flowers during 
winter and thrives on crucifers and 
tomato. 

Literature on the family Orobanchaceae 
has already been reviewed in an earlier 
paper (Tiagi, 195la). The most im- 
portant work is that of Glisié (1929) 
dealing with O. hederae and O. gracilis 
which has helped to remove much of the 
previously existing confusion. 

Material for the present study was 
collected at Ajmer and fixations were 
made on the spot in formalin-acetic- 
alcohol. The usual methods for dehydra- 
tion and embedding were followed. Sec- 
tions were cut 7-15 u thick and stain- 
ed in iron-haematoxylin and safranin-fast 
green. Of these, the latter combination 
gave better results. 


Flower 


In the development of the flower, the 
bract (also the bracteoles in O. aegyp- 


tvaca) appears first. In the beginning 
it grows very rapidly and covers the 
primordium of the flower. Soon after, 
however, the latter grows much faster 
and from its base arise the calyx and 
corolla, followed by the epipetalous sta- 
mens, and finally the bicarpellary unilo- 
cular gynoecium. Capitate glands ( Figs. 
2-4) occur profusely on all young 
floral organs but gradually fall off in older 
flowers. 


Fig. 1 — Orobanche cernua, parasitic on roots 
of Solanum melongena. 
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The yellowish brown scape, about a 
foot in length, is stout and unbranched in 
O. cernua with the flowers arranged in a 
dense spike. In O. aegyptiaca it is slender 
and branched and the spikes are more 
lax. Flowers occur only on the upper 
half of the scape, the lower being scaly 
with arrested buds. The calyx is usually 


four-partite while the bluish-yellow coroll: 
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is tubular, curved, five-lobed and bi- 
lipped, dilated above and circumsciss at 
the base. There are four didynamous 
stamens which tend to become pseudo- 
syngenesious in ©. aegyptiaca (cf. Cis- 
tanche, Tiagi, 195la). The ovary is 
unilocular and shows four parietal placen- 
tae (Fig. 5) but sometimes there may 
be only two (Fig. 6). In such a case it 


Fics. 2-12 — Figs. 2-4, O. aegyptiaca, capitate glands on corolla; Fig. 4 shows a cross-section 


of the glandular tip. 


four parietal placentae. x 83. Fig. 6, 


Figs. 2, 4, x 474; Fig. 3, 


x 205. Fig. 5, O. aegyptiaca, t.s. ovary showing 
O. cernua, same showing two parietal placentae. 


x 17. Fig. 7, O. cernua, more highly magnified part of ovary wall from groove marked g in Fig. 6. 
“210. Figs. 8-12, O. aegyptiaca, 1.s. ovules at megaspore mother cell, tetrad, two-nucleate, four- 


nucleate and mature embryo sac stages. x 300. 
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remains small and poorly developed and 
produces only a few seeds. The style 
is curved at the apex and ends in a 
bilobed glandular stigma. 


Microsporogenesis 


The young anther appears circular in 
cross-section and consists of homogenous, 
isodiametric cells. It gradually becomes 
four-lobed ( Fig. 13 ) and shows a crescent- 
shaped hypodermal archesporium in each 
lobe. In Cistanche also the anther is 
quadrilocular but in Aeginetia it is bi- 
locular. 

The outer layer of the archesporial cells 
cuts off the primary parietal layer ( Fig. 
14) which divides further to form the 
endothecium, a single persistent middle 
layer which undergoes a periclinal division 
here and there, and the tapetum ( Figs. 15- 


17). It is noteworthy that in Cistanche 
(Tiagi, 195la) and Aeginetia ( Tiagi, 
1951b) there are always at least two 


middle layers, and at places even three 
or four may be present. The endothe- 
cium shows poorly developed fibrous 
thickenings (Fig. 18) resembling those 
of Cistanche and Aeginetia. The tangen- 
tial walls of the epidermis become heavily 
cutinized and seem to compensate for the 
flimsy endothecium. 

The large tapetal cells have dense 
cytoplasm with prominent nuclei. They 
undergo some radial elongation and may 
divide periclinally towards the connec- 
tive. The nuclei in each cell divide 
before the microspore mother cells enter 
meiosis ( Figs. 16, 19) and further mitotic 
divisions result in four to six nuclei ( Figs. 
20, 21) which show irregular fusions 
resulting in one or two large amoeboid 
nuclei containing several nucleoli ( Figs. 
22,23). When the microspores have been 
formed, the tapetal protoplasts show a 
frothy appearance in O. cernua Ris) 
In O. aegyptiaca a single large vacuole is 
seen in each cell. As the pollen grains 
mature, the tapetum is used up. 

The divisions of microspore mother cells 
are of the simultaneous type ( Figs. 24-27 ) 
and secondary spindles appear between 
the four daughter nuclei ( Fig. 26). The 
microspores show an isobilateral ( Fig. 
28), tetrahedral ( Fig. 29), or decussate 
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arrangement (Fig. 30). If viewed from 
the side, a decussate tetrad may appear 
linear with two nuclei in the middle cell. 

During meiosis the original wall of the 
microspore mother cell remains intact and 
a special mucilaginous wall is formed 
within it. This may arise partly by a 
secretion from the protoplast and partly 
by a swelling of the secondary lamellae 
of the original wall (see Farr, 1922; 
Castetter, 1925 ). 

Cytokinesis takes place by centripetal 
furrows which are followed by the growth 
of four equidistant wedges from the 
special wall which meet in the centre 
separating the four microspores ( Figs. 27- 
30). As the microspores enlarge, the 
mucilage is gradually consumed and they 
are liberated by the breaking down of the 
original wall of the microspore mother cell. 


Male gametophyte 


The young microspore has a smooth 
exine and shows three prominent furrows 
(Fig. 31). As it enlarges, a large 
vacuole appears in the cytoplasm and 
pushes the centrally placed nucleus near 
the wall. Here it divides (Fig. 32) 
to form a small generative and a large 
vegetative cell separated by a hyaline 
space (Fig. 33). Afterwards the large 
vacuole disappears and the generative 
cell moves into the vegetative cytoplasm 
(Fig. 34). As the pollen grain reaches 
maturity, its cytoplasm becomes non- 
vacuolate and homogeneous. 


Ovule 


The unitegmic ovules are tenuinucel- 
late and arise as blunt protuberances on 
the placenta at the time when the anthers 
show uninucleate pollen grains. To be- 
gin with, they are erect but gradually 
curve and become more or less inverted 
(Figs. 8-12). However, some of the 
ovules do not find sufficient space due 
to overcrowding and, therefore, show 
only a slight curvature. The single 
integument consists of four or five layers 
of large cells in the middle but is narrower 
at the apex. The megaspore mother 
cell is invested by the single-layered 
nucellar epidermis which is quite pro- 
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minent during megasporogenesis but 
disintegrates soon after so that only 
its remnants are seen around the embryo 
sac. 

As the nucellus disintegrates, the in- 
nermost layer of the integument which 
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is in contact with the undilated middle 
portion of the embryo sac, becomes 
glandular and tapetum-like. Its cells 
have prominent nuclei and dense cyto- 
plasm. During the development of the 
endosperm they become radially elongated 


Fics. 13-34 — All of O. cernua, except Figs. 14 and 31 which are of O. aegyptiaca. Fig. 13, ts. 


flower bud showing corolla tube, four anthers and young ovary. x 33. Figs. 14-16 part of anther 
lobe showing differentiation of endothecium, middle layer, tapetum and microspore mother cells. 
x 410. Fig. 17, same, at microspore stage. x 458. Fig. 18, anther wall at mature pollen grain 
stage showing thickenings in endothecium. 410. Figs. 19-23, mitotic division in tapetal cells 
leading to multinucleate condition and subsequent fusion of nuclei producing one or two large 
amoeboid nuclei. x975. Figs. 24, 25, meiosis I and Il. «850. Figs 26, 27, end of meiosis II. 
x 850 Figs. 28-30, isobilateral, tetrahedral and decussate tetrads. x 850. Fig. 31, uninucleate 
pollen. x975. Fig. 32, division of microspore nucleus. «975. Figs. 33, 34, two-celled pollen 


grains. x 975. 


Fic. 35-46 — Figs. 35, O. cernua, archesporial cell in nucellus ( the adjacent cell shows signs of 
degeneration ). Fig. 36, O. aegyptiaca, megaspore mother cell. Figs. 37-39, O. aegyptiaca, meiosis I 
and II. Fig. 40, O. cernua, functioning megaspore. Fig. 41, O. cernua, two-nucleate embryo sac. 
Fig. 42, O. aegyptiaca, two nuclei dividing. Fig. 43, O. cernua, four-nucleate embryo sac. Fig. 44, 
O. aegyptiaca, four nuclei dividing. Fig. 45, O. aegyptiaca, eight-nucleate embryo sac. Fig. 46, O, 
cernua, mature embryo sac with polar nuclei fused. x 825. 
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and vacuolated. In the seed the endo- 
thelium forms a highly cutinized in- 
vestment around the endosperm. Starch 
grains occur profusely in the cells of the 
integument as well as in the embryo sac. 

In his work on Aeginetia indica, Juliano 
(1935) states that the nucellus enlarges 
after fertilization. This is evidently due 
to his having confused it with the integu- 
mentary tapetum. 

In O. uniflora Cassera ( 1935 ) describes 
an integumentary tapetum consisting of 
binucleate cells and Srivastava (1939) 
confirms this in O. aegyptiaca. I have 
seen only uninucleate cells in my material. 


Megasporogenesis and Development 
of Embryo Sac 


The single hypodermal archesporial 
cell enlarges and functions directly as 
the megaspore mother cell ( Figs. 35, 36). 
The first division results in the formation 
of two dyad cells ( Fig. 37) which divide 
simultaneously ( Figs. 38, 39) to produce 
a linear tetrad of four megaspores ( Fig. 
40). The chalazal megaspore functions 
(Fig 40) and becomes curved in a 
characteristic fashion as in ©. hederae 
and ©. gracilis ( Glisié, 1929). The three 
micropylar megaspores may disintegrate 
simultaneously (Figs. 40, 41) or the 
micropylar megaspore may persist slight- 
ly longer than the others. Srivastava 
(1939) mentions that the degeneration of 
the three non-functional megaspores does 
not follow any definite sequence. By 
three further divisions an eight-nucleate 
embryo sac is formed (Figs. 41-45) 
whose micropylar end becomes dilated 
while the chalazal tapers and shows a 
characteristic bend (Fig. 46) which is 
related to the curved shape of the func- 
tioning megaspore. The pyriform syner- 
gids show prominent hooks and basal 
vacuoles with the egg protruding just 
below them. The polar nuclei fuse near 
the egg ( Fig. 45) or sometimes in the 
middle of the embryo sac ( Fig. 47) to 
form a large secondary nucleus. The an- 
tipodal cells are usually arranged in a row 
( Fig. 46). Their remains are recognizable 
until a late stage ( Fig. 54) as has also been 
found in other members of the family ex- 
cept O. minor where Carter (1928) re- 


ports their degeneration long before fertili- 
zation. A protrusion of the embryo sac 
into the ovary cavity, as seen in O. he- 
derae ( Glisié, 1929 ), has not been observed 
in my material. 


Pollination and Fertilization 


Since the flowers are markedly pro- 
tandrous, cross pollination by insects 
seems to be the rule. The converging 
of the anthers on the stigma suggests, 
however, that self pollination is not 
impossible. 

The pollen tube usually destroys one 
synergid, but frequently both may remain 
intact. In any case they degenerate 
soon after fertilization. The pollen tube 
contains densely staining X-bodies and 
its remnants persist in the mature seed 
( Fig. 63). The rôle of persistent pollen 
tubes has already been discussed by 
Maheshwari and Johri (1950) and I 
agree with their view that they are dead 
structures without any haustorial func- 
tion. Syngamy and triple fusion seem 
to take place simultaneously ( Fig. 47). 


Endosperm 


After fertilization the embryo sac shows 
a further increase in size. The primary 
endosperm nucleus divides in the middle 
of the embryo sac ( Fig. 48) to form a 
micropylar and a chalazal chamber 
( Fig. 49). Further divisions take place 
in the micropylar chamber cutting off 
an aggressive micropylar haustorium from 
the main body of the endosperm. In 
the chalazal chamber there is no cell 
division but the nucleus divides once 
or twice. 

The first division (Fig. 50) in the 
micropylar chamber is longitudinal and 
produces two elongated cells ( Fig. 51 ). 
Cassera (1935) and Srivastava (1939) 
state that the first division is usually 
longitudinal but sometimes it is trans- 
verse, in which case the next division 
is longitudinal. Glisié ( 1929 ), however, 
points out that the first wall in the 
micropylar chamber is always ( italics 
mine ) longitudinal but may be overlooked 
if it lies in the plane of the section. 
My observations support this. 
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Fics. 47-53 —O. cernua. Fig. 47, embryo sac showing oospore, pollen tube, degenerating 
synergids, primary endosperm nucleus and antipodal cells. Figs. 48, 49, first division of primary 
endosperm nucleus. Figs. 50-53, vertical division in micropylar chamber followed by transverse 
division giving rise to micropylar haustorium and endosperm initials; chalazal haustorium shows 


uninucleate ( Fig. 50), binucleate (Fig. 52), or two-celled condition (Fig. 51); antipodals 
persisting. x 565. 


| 
| 
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Fics. 54-63 — Fig. 54, O. cernua, young seed showing prominent micropylar haustoria penetrating between the starchy 
ells of the integument ; the oospore is undivided and the antipodals are persisting. x 152. Fig. 55, O. cernua, aggressive 
aicropylar baustorium showing amoeboid nuclei and branches ramifying into integument (+, isthmus ; p.4., pollen tube ). 
<340. Fig. 56, O. aegyptiaca, binucleate micropylar haustorium. x 340. Fig. 57, O. aegyptiaca, two-celled chalazal haus- 
orium with each cell binucleate. 340. Fig. 58, O. cernua, nucleus of chalazal chamber dividing. 686. Fig. 59, O. 
ernua, binucleate chalazal haustorium, antipodals persisting. 686. Fig. 60, O. cernua, chalazal haustorium c.h. crushed 
y the endothecial cells e.c.; antipodals a persisting. 377. Fig. 61, O. cernua, t.s. seed showing embryo, endosperm 
nd testa. x640. Fig. 62, O. cernua, pattern of thickenings in testa. X377. Fig. 63, O. cernua, 1.s. seed showing embryo 
nd endosperm, (7%, isthmus ; #.4., micropylar haustorium ; p.4., pollen tube; a, degenerating antipodals). x 166. 
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The second division in the micropylar 
chamber is transverse (Fig. 52) and 
results in two tiers of two cells each 
(Fig. 53). Of these the upper” gives 
rise to the micropylar haustorium and 
the lower forms the endosperm proper. 

The two cells comprising the micro- 
pylar haustorium show vigorous growth 


( Figs. 54-56), become vesicular and 
vacuolate and give out intercellular 


branches ramifying into the integument. 
In O. cernua each cell shows an amoeboid 
hypertrophied nucleus (Figs. 54, 55) which 
usually migrates into one of the processes. 
In O. aegyptiaca, on the other hand, the 
haustorial cells become binucleate ( Fig. 
56), one nucleus migrating into a branch 
and the other remaining in the vesicular 
part. The micropylar haustorium ab- 
sorbs nutritive substances from the in- 


tegument. These are transported through 
the narrow ‘isthmus’ region of the 
endosperm and stored in its central 


part ( Fig. 55 ). 

Glisié (1929) observed that in some 
of the ovules of O. hederae the haustorial 
branches penetrate into and pass out of 
the integument as has also been reported 
in Aeginetia ( Tiagi, 1951b). Such extra- 
integumentary processes have not 
been seen by me either in O. cernua or 
in O. aegyptiaca, nor in Cistanche tubulosa 
( Tiagi, 1951a). Crété (1942) who has 
reinvestigated O. hederae, also reports 
their absence in his material. 

The lower pair of cells formed by the 
micropylat chamber undergoes repeated 
irregular divisions to form a mass of large 
vacuolated endosperm cells which be- 
come packed with starch and surround 
the embryo. At maturity the vacuoles 
tend to disappear, the cytoplasm becomes 
homogeneous, and the nuclei degenerate 
forming densely staining amorphous lumps 
(Figs. 61, 63). Only the uppermost 
cells of the endosperm, lying just below 
the micropylar haustorium (Fig. 54) 
behave differently and by periclinal di- 
visions form two plates of approximately 
six cells each (Fig. 55). This so-called 
‘isthmus region’ or the “ steriles mikro- 
pylares Endstück des Embryosackes ” 
connects the haustorium to the endo- 
sperm proper and is easily recognized even 
in the mature seed ( Fig. 63). Cassera 
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(1935 ) and Srivastava ( 1939 ) could not 
follow the origin of the isthmus and 
erroneously attributed its origin to the 
micropylar haustorial cells. The isthmus 
cells do not store starch and ultimately 
disorganize. Glisie’s view that they dis- 
integrate due to overfeeding, owing to 
their röle as conductors of food materials, 
does not seem to be very convincing. 

The nucleus of the primary chalazal 
chamber divides without wall formation 
(Fig. 58) to form a weak two-nucleate 
haustorium ( Fig. 59) which is long and 
curved in ©. cernua but broad and short 
in O. aegyptiaca. Rarely a wall is formed 
between these nuclei (Fig. 51) and in 
O. aegyptiaca each of the two daughter 
cells again become binucleate ( Fig. 57). 
Srivastava’s statement (1939) that 
“ occasionally three to four nuclei are seen 
in this cell which thus becomes divided 
by an oblique wall” is confusing and 
ambiguous. Probably he means that two 
binucleate cells are formed. In Cistanche 
the chalazal haustorium has two hyper- 
trophied multinucleolate nuclei and in 
Aeginetia it remains uninucleate. 

During the development of the seed the 
chalazal haustorium is squeezed and 
reduced to a narrow canal due to the 
enlargement of the adjacent endothecial 
cells ( Fig. 60) and finally the encroach- 
ment of the endosperm cells crushes it. 
Cassera (1935) and Srivastava (1939) 
observe that its disintegration is due to 
the latter cause only while Persidsky 
( 1926 ) thinks that the two to four nuclei 
which mass together in this cell are res- 
ponsible for its disintegration. As there 
are never more than four nuclei, the view 
expressed by Persidsky is hardly accept- 
able. 

The haustoria are conspicuous during 
the early development of the seed. The 
chalazal haustorium disorganizes much 


earlier than the micropylar but both ! | 


remain recognizable for a long time. 


Embryo 


The oospore elongates (Figs. 54, 64) 
and divides transversely ( Fig. 65 ) result- 
ing in a basal cell cb and a terminal 
cell ca (Fig. 66). 
transversely to form two cells ci and cm 


| 


The former divides : 
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(Fig. 67). The terminal cell ca now di- (Figs. 68, 69). The two basal derivatives ci 
vides vertically and results in a 1- and cm divide one after the other ( Fig. 70 ) 
shaped proembryo composed of four cells or simultaneously ( Fig. 71 ) to form a row 


Fics. 64-78 — All of O. cernua except Fig. 69 which is of O. aegyptiaca. Figs. 64-66, oospore and 
ts transverse division to form a basal cell cb and terminal cell ca. Figs. 67, three-celled proembryo; 
fi and cm are daughter cells of cb. Figs. 68, 69, four-celled proembryo. Fig. 70, quadrant stage; 
m dividing. Fig. 71, quadrant stage; both ci and cm dividing. Fig. 72, same, ci and cm have 
Mivided to give rise to v and g and to fand d respectively. Fig. 73, one daughter cell of ca dividing 
ransversely; the other has divided vertically. Fig. 74, a stage in octant formation; only two nuclei 
‚re dividing. Fig. 75, octant stage. Figs. 76, 77, older stages showing formation of dermatogen and 
‚legeneration of suspensor cells. Fig. 78, mature ovoid embryo. x 825. 


| 
| 


168 


of four cells ( Fig. 72) of which the lowest 
cell 4, which functions as the hypophysis, 
divides further and contributes to the 
embryo, while the other three form the 
suspensor which is later on crushed be- 
tween the cells of the ‘isthmus’ ( Fig. 75 ). 
According to Persidsky (1926) and Sri- 
vastava ( 1939 ) the suspensor consists of 
many cells while Cassera (1935) states 
that in O. uniflora it is unicellular. The 
latter also states that the suspensor is 
‘resorbed’ by the embryo, but it is 
hardly conceivable that the embryo itself 
should absorb the suspensor. 

The terminal cells of the four-celled 
proembryo undergo two vertical divisions 
resulting in a quadrant ( Figs. 70-73). 
Sometimes, however, one cell may divide 
transversely and the other vertically 
( Fig. 73). The quadrant stage is followed 
by the octant ( Fig. 75 ), but the divisions 
in the two halves may not be simultaneous 
( Fig: 74). Periclinal divisions soon 
delimit the dermatogen (Figs. 76, 77). 
The mature undifferentiated ovoid embryo 
(Fig. 78) is approximately five to six 
cells broad and ten cells long. 

Crété ( 1942) has investigated the early 
development of the embryo in Orobanche 
eryngii and O. hederae, which resembles 
that described above. The proembryo is 
T-shaped. The formation of octants is 
normal but differentiation of the dermato- 
gen is not simultaneous in the various 
cells. Instead of periclinal walls, which 
delimit the dermatogen, sometimes anti- 
clinal walls may be laid down in the ante- 
rior half of the octant. The lowest sus- 
pensor cell adjacent to the embryonal 
mass acts as a hypophysis and contri- 
butes to the embryo. 

The development of the embryo of 
Orobanche, therefore, conforms to the 
‘ Crucifer ’ type ( Maheshwari, 1950) and 
resembles that of Cistanche, but differs 
from that of Aeginetia where the three 
terminal cells of the four-celled filamen- 
tous proembryo take part in the formation 
of the globose embryo and the suspensor 
is single-celled. 


Seed and Fruit 


The minute globose seeds ( Figs. 61, 
63) have a hard testa and enclose a small 
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ovoid embryo surrounded by copious 
starchy endosperm. During maturation 
the embryo consumes the endosperm cells 
around it. The inner wall of the endothe- 
lium and the outer wall of the peripheral 
endosperm cells become highly cutinized 
and form a protective coat around the 
endosperm. The outermost layer of the 
integument forms the testa. Its cells 
enlarge and develop lignified thickenings 
( Fig. 62) which are absent towards the 
micropyle. Similar pitted thickenings also 
occur in Cistanche ( Tiagi, 1951a) while 
only spiral thickenings are found in Aegi- 
netia which have been very well illustrated 
in colour by Kusano ( 1908 ). 

The fruit is a two-valved capsule to 
which is attached the persistent base of 
the style. Dehiscence is in the antero- 
posterior plane along the two furrows 
(Fig. 7). Asin Cistanche, those cells of 
the pericarp which are adjacent to the 
furrows do not develop any lignified 
thickenings. 


Summary 


Orobanche cernua occurs as a parasite on 
several Solanaceae and O. aegyptiaca on 
the Cruciferae. 

The floral parts arise in acropetal suc- 
cession. There are four didynamous sta- 
mens. The four-lobed anthers become 
pseudosyngenesious in O. aegyptiaca. 

The archesporium occurs in the form 
of four plates of hypodermal cells. The 
tapetal cells become multinucleate but 
the nuclei fuse again to form one or two 
amoeboid nuclei. Quadripartition of the 
microspore mother cells takes place by 
furrowing. Tetrahedral, isobilateral and 
decussate tetrads are found. The two- 
celled tricolpate pollen grain shows a 
well-differentiated intine and a smooth 
exine. 

The ovules are unitegmic, tenuinucellate 
and anatropous. The nucellus disinte- 
grates early and an integumentary tape- 
tum surrounds the embryo sac. 

The hypodermal archesporial cell func- 
tions directly as the megaspore mother 
cell and the embryo sac is of the ‘ Poly- 
gonum type. It is curved and tapering 


at the chalazal end. The synergids de- 


generate after fertilization but the remains 


————— — 
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of the antipodal cells persist until a late 
stage. 

The pollen tube persists even after 
fertilization and can be recognized in the 
mature seed. 

The endosperm is cellular and stores 
starch. The chalazal chamber forms a 
weak binucleate haustorium; sometimes 
the two nuclei may be separated by a 
wall and each cell may again become 
binucleate. The micropylar chamber 
divides longitudinally and then trans- 
versely producing two tiers of two cells 
each. The upper tier gives rise to an 
aggressive micropylar haustorium which 
throws out many hypha-like branches 
ramifying between the cells of the integu- 
ment. The lower tier by further divisions 
gives rise to a narrow ‘isthmus’ and a 
broad ovoid endosperm tissue. 
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The development of the embryo is of 
the ‘Crucifer’ type, (‘Onagrad’ type 
of Johansen, 1950). The four-celled pro- 
embryo is 1-shaped. The two basal cells 
give rise to a filament of four cells of which 
the lowest, adjacent to the embryonal 
mass, contributes to the embryo while the 
other three form the suspensor and even- 
tually disintegrate. The terminal embryo- 
nal cell passes through the usual quadrant 
and octant stages and gives rise to an 
ovoid embryo. 

The seeds are hard and minute and are 
produced in abundance. 

I am grateful to Prof. P. Maheshwari 
and Dr. B. M. Johri of the Delhi Univer- 
sity for their kind help in the preparation 
of this paper. To Principal V. V. John 
of my college, I am indebted for encourage- 
ment and facilities. 
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DIE GRUNDACHSE VON ALSTROEMERIA UND DIE 
EINHEIT IHRES MORPHOLOGISCHEM TYPUS 
MIT DEM DER ECHTEM LILIACEEN 


FRANZ BUXBAUM 


Judenburg, Austria 


Die Grundachse von Alstroemeria 


Alstroemeria aurantiaca, die in Mittel- 
europa am häufigsten kultivierte Art, 
besitzt ein sehr tief in der Erde liegendes, 
langgestrecktes, weisses Rhizom, das im 
ganzen horizontal verläuft, aber dabei 
vielfach winkelig verbogen erscheint und 
sich mehrfach verzweigt. In seiner gan- 
zen Länge, also auch an älteren Teilen, 
trägt das Rhizom hauptsächlich lange 
dickfleischige und sehr brüchige Wurzeln, 
die aus der Basis allmählich dicker werden 
und dabei vielfach gekrümmt sind und 
schliesslich wieder dünn auslaufen. Dane- 
ben kommen aber auch, besonders an den 
jüngeren Rhizomteilen faserige Wurzeln 
vor, die sich verzweigen und wohl als die 
eigentlichen Nährwurzeln anzusprechen 
sind. Der Zentralzylinder auch der 
fleischigen Wurzeln ist dabei dünn, so 
dass also die Wurzelrinde zum Speicher- 
gewebe ausgebildet ist. 

Da bei anderen Arten die faserförmigen 
Wurzeln überhaupt nicht in Erscheinung 
treten, und die dickfleischigen Wurzeln 
noch vollkommener ausgebildet sind, als 
bei Alstroemeria aurantiaca, erscheint es 
gänzlich unverständlich, dass noch in der 
Bearbeitung der Amaryllidaceen durch 
Pax und Hoffmann in der Neuauflage von 
Engler-Prantls ‘“ Natürlichen Pflanzen- 
familien ”, Bd. 15a für die Gattung 
Faserwurzeln angegeben sind und zwar 
sogar als unterscheidendes Gattungs- 
merkmal gegenüber Bomarea. Dieser 
Umstand wirft ein bezeichnendes Licht 
auf die überigen morphologischen Angaben 
über diese Gattung. 

Oberseits zeigt das Rhizom zahlreiche 
Reste von abgestorbenen Stengeln, aber 


auch 
Blütenstengel, die in ihrem unteren Teile, 
infolge der tiefen Lage des Rhizoms im 
Boden, sehr in die Länge gestreckt, weiss | 
und sehr brüchig sind und, den Boden- | 
widerständen ausweichend, sehr 
Krümmungen aufweisen. Das in Abb. I 
dargestellte Rhizom wurde zur Zeit der 
Fruchtreife untersucht. In diesem Zeit- 
punkt beginnen die Enden des Rhizoms 
bereits die neuen Triebe auszubilden und 
zwar verdickt sich der Wurzelstock an 
den Enden auffallend und entwickelt 
ausser einer starken Verlängerungsknospe 
hintereinander mehrere Triebe, die zu 
oberirdischen Sprossen auswachsen. In 
dieser Region sind noch mehr oder weniger 
deutlich rings um das Rhizom verlaufende 
Fetzen von Niederblattresten vorhanden, 
von denen man an älteren Teilen höch- 
stens noch die Insertionsnarben wahrneh- 
men kann. 

Aber auch an den älteren Teilen ent- 
wickeln sich noch vereinzelte Luftsprosse ; 
das Rhizom bleibt also mehrere Jahre am 
Leben und aktiv. 

Die einzelnen Internodien des Rhizoms 
sind bei Alstroemeria aurantiaca ziemlich 
lang gestreckt und ermöglichen daher 
recht gut eine genaue Untersuchung. 

Bei der äusserlichen Betrachtung er- 
scheint das Rhizom nach der obigen Be- 
schreibung also als ein Monopodium, das | 
fortlaufend oberirdische Sprosse nach oben - 
entsendet und an der Spitze horizontal — 
weiterwächst. 
Stellung der Luftsprosse ist zunächst 
nichts zu merken. Es ist nun bezeich- - 
nend, dass in der Beschreibung, die einen 
so groben Fehler, wie die oben angeführte 
Verkennung der Wurzeln enthält, der also 


an älteren Teilen noch lebende | 


viele | 


Von einer endständigen |} 
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auf keinen Fall eine exakte Untersuchung 
zugrunde liegen kann, die Stellung des 
oberirdischen Sprosses als “ endständig ” 
angegeben wird, was bei rein äusserlicher 
Betrachtung auf keinen Fall so erscheint. 
Man muss also wohl annehmen, dass hier 
eine ungenaue oder falsche Beobachtung— 
zu einem richtigen Ausdruck führte. 
Denn tatsächlich ist das Rhizom ein 
echtes Sympodium, wie meine Unter- 
suchungen unten zeigen werden, nur ist 
dies ausserordentlich verschleiert. 

Fast noch stärker als bei Alstroemeria 
aurantiaca wird der Eindruck eines Mono- 
podiums beim dünnen, sehr langgliederigen 
Rhizom von A. psittacina erweckt. Das 
untersuchte und in Abb. 2 wiedergegebene 
Exemplar war insoweit ungünstig, als das 
vordere Rhizomende infolge Topfkultur 
nach rückwärts verbogen war. Abb. 2 B 
gibt daher die Spitze desselben gesondert 
und stärker vergrössert wieder. Die 
Untersuchung erfolgte zur Zeit des Aus- 
treibens im Frühjahr. 


Bei dieser Art sind die Wurzeln beson- 
ders eigenartig. Aus einer kurzen stielar- 
tigen Zone verdicken sie sich unvermittelt 
zu dicken, langovalen Keulen, die an 
ihrem gerundeten Ende mehrere dünne 
fadenförmige Faserwurzeln tragen. Auch 
bei dieser Art stehen stets mehrere Luft- 
sprosse dicht hintereinander, die zur Zeit 
der Untersuchung noch auffallende Grös- 
senunterschiede aufwiesen. 

Im Gegensatz zu diesen beiden Arten 
hat das Rhizom von Alstroemeria brasi- 
liensis sehr kurze Internodien und ist 
dadurch sehr gedrungen (Abb. 3). Die 
dichte Sprossfolge im Frühjahr macht bei 
dieser Art nun schon eher den Eindruck 
eines kurzgliederigen Sympodiums. Abb. 
3 B zeigt nun in der Vorderansicht sehr 
deutlich, dass die Sprosse sich alternie- 
rend, jedoch einseitswendig entwickeln. 
Die Wurzeln sind hier ausgesprochen 
fleischig, ähnlich wie bei A. Psittacina, 
aber sogar ohne die faserförmigen End- 
wurzeln. Übrigens sind auch die flei- 


ABB. 1 — Vollständiges Rhizom von Alstroemeria aurantiaca, 
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schigen Wurzeln überaus dicht mit sehr 
robusten Wurzelhaaren sammetartig be- 
deckt. 

Wenn nun auch die Sprossfolge hier 
einen sympodialen Eindruck erwecken 
kann, so wird doch dieser Eindruck 
wieder durch den Habitus des ganzen 
Rhizoms sehr beeinträchtigt. Die ober- 
flächliche Betrachtung lässt also in keinen 
Falle einen sympodialen Aufbau gleich 
erkennen. Erst sehr eingehende Unter- 
suchungen an A. aurantiaca, haben den 
höchst eigenartigen Bau dieses Rhizoms 
klargelegt. 


ABB. 2 — Rhizom von Alstroemeria psittacina. 


Topfkultur zurückgekrümmt. I, 
krümmte Vorderende vergrössert. 
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II, III, IV: Reihenfolge der Luftsprosse. 
C, Längsschnitt durch die Rhizomspitze. 
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Abb. 4 A zeigt einen noch jungen Seiten- 
spross dieses Rhizoms zur Zeit der Frucht- 
reife. Nahe der Ansatzstelle entspringt 
(nach oben ) eine Faserwurzel dicht vor 
einer rings verlaufenden Insertionsnarbe 
einer Niederblattschuppe, die bereits gänz- 
lich korrodiert ist. Unterhalb dieser 
Wurzel steht eine nicht zur Fortent- 


wicklung gelangte Anlage eines Luft- | 
Das Rhizom verdickt sich vor- 


sprosses. 
wärts bis zur Insertion der nächsten 


Schuppe, die durch das Dickenwachstum | 


des Rhizoms in mehrere Teile zerfetzt ist. 


Die stets sehr starke Mittelrippe liegt 


SN 


A, Ganzes Rhizom, das vordere Ende ist infolge 
B, das zurückge- 
IV, die Anlage 


des letzten Luftsprosses. N IV, dessen unterstes Niederblatt, Ax IV, Axillarknospe aus N IV 


| 
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neben der Unterseite des Rhizoms, auf 
der Abbildung vorne unten (N I 1). Etwa 
um ein Drittel des Rhizomumfanges nach 
oben verschoben und daher ziemlich genau 
auf der Oberseite entspringt ein Luft- 
spross (H I), durch einen merklichen 
Zwischenraum von der Insertion der 
Schuppe entfernt. Diese Anlage wird 
auch noch von einem Niederblatt um- 
schlossen (N I 2), deren Mittelrippe ziem- 
lich genau nach oben gerichtet ist, also 
auch nicht mit der von N I 1 genau alter- 
niert. Das Rhizom wird von dieser 
Insertion aus kaum schwächer und ist 
kräftig vorgezogen, um in einer auffallend 
grossen, schr belartig vorgezogenen End- 
knospe auszulaufen. Diese Endknospe 
ist wieder von einer rings geschlossenen 
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Niederblattschuppe (N II 1) eingeschlos- 
sen, deren starke Mittelrippe ziemlich 
genau mit jener von N I 1 alterniert. 
Nach Entfernen der Niederblätter N I 2 
und N II 1 ergibt sich das Bild von Abb. 
4C. Die Stengelanlage H I lässt schon 
deutlich ein junges Internodium erken- 
nen, dem abermals ein Niederblatt folgt. 
Unter N II 1 kommt aber eine noch 
kleine Knospenanlage oberseits und eine 
viel grössere Knospe unterseits zum 
Vorschein. Das erste Niederblatt der 
letzteren (N II 2) hat seine Mittelrippe 
wieder ziemlich genau in der gleichen 
Ebene wie NI1. Den Grössenverhält- 


nissen nach könnte man nun H I für 
einen allerdings verlagerten Axillarspross 
Die Stellung spricht 


von NI1 halten. 


ABB. 3 — Seitenansicht (A) und Frontalansicht (B) des Rhizoms von Alstroemeria brasiliensis. 


|, 2, 3, 4, 5 : Folge der Luftsprosse. 


Wz, Speicherwurzeln. 
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ABB. 4 — Rhizomspitze von Alstroemeria au- 


yantiaca. A, Aussenansicht. B, H I aus Abb. 4A 
von vorne. C, Dasselbe Rhizomende nach Ab- 
präparieren der Niederblätter N I 2 und N II 1. 
[ Bezeichnungen für A-C und Abb. 5.: H 0, 
zurückgebliebener Hauptspross. H I, Haupt- 
spross (Luftspross). N I 1-1, Niederblatt von 
H I. Ax I1, Axillarknospe inNI1. H EE 
Hauptspross von Ax I 1. N II 1-1, Nie- 
derblatt von H II. Ax II 1, Axillarpross zu 
N IT 1. N II 2-2, Niederblatt von H II. 
R, stark entwickelte Mittelrippen der Nieder- 
blätter. Wz, Wurzel |. 


aber entschieden dagegen. Klarheit 
schafft aber sofort das Diagramm Abb. 5. 
Es ergibt sich, unter Vernachlässigung 
des verkümmerten Sprosses H o, folgen- 
der Aufbau: 

Das erste Niederblatt des Neutriebes 
ist NI1. Es ist zugleich das erste 
Niederblatt des Hauptsprosses, der sich 
aber nicht in der mächtigen Endknospe 
fortsetzt, sondern sich nach oben zum 
Stengel entwickelt (H I). Das Inter- 
nodium dieses Hauptsprosses, zwischen 
NI1 und NI 2 ist aber gewaltig vergrös- 
sert und vorgeschoben, so dass nun die 
wirkliche Axillarknospe aus N I 1 zur 
mächtigen Endknospe wird, die den 
Hauptspross erheblich an Stärke über- 
trifft und auch sonst so stark gefördert ist, 
dass ihr unterstes Niederblatt CNP 
neben dem neuen Hauptspross H II, der 
seinerseits schon das Niederblatt N II 2 
ausgebildet hat, auch schon wieder eine 
Axillarknospe ( Ax II 1) umschliesst. 
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Zusammenfassend ist der Sprossaufbau 
also folgendermassen auszudrücken: 

Das unterste Internodium jedes Spros- 
ses ist so stark gefördert, dass es zum 
dicken Rhizomglid wird und über die 
Aufbiegung des Sprosses nach der Rich- 
tung des ersten Axillarsprosses verlängert 
wird. Das zweite Internodium ist hingegen 
ein typisches Stengelinternodium. Die 
Basitonie des Sprosses ist so stark ausge- 
prägt, dass die erste Axillarknospe nicht 
nur dem eigentlichen Hauptspross in der 
Entwicklung schliesslich voraneilt, sondern 
sogar ihm die Kräfte zur Fortentwicklung 
entziehen kann, so dass er überhaupt 
verkümmert (H o !). Alstroemeria hat 
also ein Sympodium, bei dem jeweils nur 
ein Internodium in die Bildung des 
Rhizoms eingeht. 

Verdeutlicht wird dieser Aufbau noch 
durch die Darstellung des Endes des 
Hauptastes des Rhizoms ( Abb. 6), der 
hintereinander mehrere Stengel entwik- 
kelt, an dem man besonders an Abb. 6 A und 
C deutlich das Herauswachsen der riesigen 
Axillarknospe und die dadurch bedingte 
Zerreissung des ersten Niederblattes be- 
obachten kann. Die Zerreissung ist eine 
so starke, dass sie sogar bis unter die 
Insertionslinie greift. (Abb. 6B) 


Die besondere Kürze der Internodien 
des Rhizoms von Alstroemeria brasiliensis 


Nr: 


ABB. 5 — Diagramm zu Abb. 4. 


ABB. 6 — Weiter entwickeltes Rhizomende von Alstroemeria aurantiaca von seitwärts (A), von 


ınten (B) und schräg von vorne (C). I, II: 


lässt nun auch im Längsschnitt durch die 
beiden Sprosse 4 und 5 der Abbildung 3, 
der in Abb. 7 dargestellt ist, deutlich die 
enorme Verstärkung des untersten Inter- 
nodiums und die axillare Lage des Verlä- 


ABB. 7 — Längsschnitt durch ein Sympodial- 
lied von Alstroemeria brasiliensis aus Abb. 3 A, 


3. 1, 1’, 2-2’, 3-3’, 4-4’ Niederblätter des 4. 
[riebes von Abb. 3. (T 4), T 5, Axillarspross 
us 1-1’, der zum Erneuerungsspross wird. 


Hauptsprosse. N 
Ax II. dessen Axillarknospe ( Erneuerungsknospe ). 


If 1, 17 Niederblatt zu IT. 
N2, stengelbürtiges 2. Niederblatt. 


gerungssprosses erkennen. Entsprechend 
der Blattstellung der oberirdischen Stengel 
ist auch bei den Schuppen natürlich keine 
genaue Alternanz vorhanden. Daraus 
ergibt sich der abwechselnde Ursprung 
der Sprosse der Abb. 3. 

Es frägt sich nun nur noch, wieso auch 
an älteren Rhizomteilen noch Stengel 
entspringen können. Die Erklärung 
hiefür liefert der Längsschnitt durch das 
Rhizomende von Alstroemeria psittacina, 


Abb. 2 Cm Hier ‚ist ‚nämlich ganz 
deutlich zu erkennen, dass auch das 
bereits in der Stengelregion stehende 


zweite Niederblatt in der Lage ist, eine 
Axillarknospe auszubilden. Diese kommt 
aber, soweit beobachtet, niemals gleich 
zur Fortentwicklung, sondern bleibt als 
ruhende Knospe erhalten. Später aber 
kann sie aus der scheinbar schon abge- 
storbenen Stengelbasis hervorbrechen und 
wird so zu einem neuen Rhizomast. In 
Abb. 8 ist diese Entwicklung in mehreren 
Phasen dargestellt, wohei insbesondere 
Abb. 8 B bemerkenswert ist, da hier das 
Durchbrechen der Axillarknospe deutlich 
zu erkennen ist. Die Abbildung könnte 
insoferne eine Täuschung hervorrufen, 
als die Zerreissungen des Niederblattes 
oberhalb der durchbrechenden Knospe 
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ABB. 8 — Beginnendes (A) und fortgeschrit- 
tenes (B) Austreiben eines Luftsprosses aus der 
ruhenden 2. Axillarknospe eines bereits abgestor- 
benen Luftsprosses von Alstroemeria aurantiaca. 


eine Scheidenöffnung vortäuschen kann. 
Tatsächlich liegt aber die Mittelrippe des 
Niederblattes etwa an der linken Bild- 
kante. Die Axillarknospe ist zwar etwas 
aus der Mediane verschoben, liegt aber 
sonst so, dass sıe deutlich als solche 
erkannt werden konnte. 


Die Ausiaeuferzwiebel von 
Lilium superbum 


Bereits in meiner Lilioideenarbeit 
(1937) habe ich auf die eigentümliche 
Zwiebel von Lilium canadense, L. super- 
bum und L. michiganense hingewiesen, die 
ihre Erneuerungszwiebel nicht innerhalb 
der alten Zwiebelschuppen ausbildet, wie 
dies sonst bei der Gattung Lilium der 
Fall ist, sondern aus der Achsel einer 
Schuppe, die einen Ausläufer bildet, der 
die neue Zwiebel an der Spitze entwickelt. 

Weder die Beschreibung von Duchartre 
(1871) noch die Abbildung erwachsener 
Zwiebeln dieser Art von Grove lassen 
genaueres über diese Zwiebelbildungen 
erkennen. Auffallend ist nur in der Be- 
schreibung Duchartres die Betonung, dass 
sich der Stengel von Lilium canadense am 
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Grunde der Zwiebel auf den etwa dop- 
pelten Durchmesser verdickt und mit 
einer grossen Verdickung endet ( large 
troncature’’). Dies ist darum bereits 
auffällig, da die Liliumzwiebeln im allge- 
meinen keinen besonders starken Zwiebel- 
boden besitzen. Ja, bei den Vorläufern 
dieser Zwiebelform, jener von Fritillaria, 
ist er in der Regel so schwach entwickelt, 
dass er nach dem Absterben des Stengels 
mit diesem vollkommen aus der Zwiebel 
herausbricht, so dass ein Loch zurück- 
bleibt. 

Anderseits ist die Grundachse bei zwei 
anderen, ebenfalls neuweltlichen Arten, 
Lilium washingtonianum und L. hum- 
boldtii, horizontal so erweitert, dass die 
Schuppen nicht mehr dicht und regel- 
mässig angeordnet stehen. Es liegt also 
bei den neuweltlichen Arten der Gattung 
Lilium eine Tendenz zur Vergrösserung 
der Grundachse vor, aus der heraus die 
Ausbildung eines Ausläufers verständlich 
wird. Es war mir damals nicht möglich 
Material dieser Arten zu erhalten und die 
genauen Wuchsverhältnisse dieser Zwie- 
beln zu studieren, es war im Rahmen 
dieser Arbeit auch nicht erforderlich und 
konnte daher mit den aus der Literatur 
entnommenen Angaben erledigt werden. 
Es wurde aber bereits damals darauf 
hingewiesen, dass diese Tendenz zur 
Ausläuferbildung eine Auswirkung der 
bereits bei den Wurmbeoideen, ferner bei 
Gagea Sect. Tribolbos, in den Ausläufer- 
zwiebeln ( ““ droppers ’ ) von Tulipa und 
Erythronium manifestierten Tendenz zur 
ausläuferartigen Verlängerung der Grund- 
achse sein dürfte, obwohl dabei betont 
werden musste, dass eine direkte Ähnlich- “ 
keit mit diesen Bildungen infolge der 
anders gearteten Zwiebelschuppen nicht 
vorhanden ist. | 

Die Untersuchungen an Alstroemeria 
machten es nun erforderlich, der Ausläu- — 
ferbildung der amerikanischen Liliumarten - 
erhöhte Aufmerksamkeit zuzuwenden, — 
umsomehr, als eben die vorliegenden * 
Beschreibungen und Abbildungen nicht 
ausreichten, die Entstehung des Ausläu- 


fers aus dem Zwiebelboden genau zu |) 


deuten. Nach Duchartres Beschreibung | 
von Lilium canadense müsste man z.B. an- | 
nehmen, dass einfach die Axillarknospe, « 
aus der der nächstjährige Spross entsteht, 


| 
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zum Ausläufer auswächst, ohne dass der 
alte Zwiebelboden irgendwie beteiligt oder 
in Mitleidenschaft gezogen würde. Tat- 
sächlich ist aber der Ursprung des Ausläu- 
fers ganz anders. Dies liess sich an einer 
noch ganz jungen, aus wenigen Schuppen 
bestehenden Zwiebel von Lilum superbum 
nachweisen, die ebenfalls bereits einen 
Ausläufer bildete. 

Die junge Zwiebel, die kaum I cm im 
Durchmesser hatte, und der ein schwacher 
Stengel entspringt, bestand aus nur 7 
Zwiebelschuppen, zwischen denen ein 
etwa 1 cm langer, dicker Ausläufer ent- 
sprang, der etwa in der halben Länge eine 
vereinzelte Schuppe trägt. während sich 
mehrere weitere Schuppen am Ende des 
Ausläufers zu einer jungen Zwiebel zu- 
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sammen schliessen. Nach Entfernen der 
3 äussersten Schuppen zeigt es sich, dass 
die vierte Schuppe, unterhalb des Ausläu- 
fers, dessen Tragblatt sie ist, mit diesem 
in ihrer vollen Länge fest verwachsen ist, 
so dass nur ihr Rand frei ist. Der Ausläu- 
fer wird von zwei grossen Schuppen 
flankiert, die ihm mit breiter Basis ansitzen 
und von deren vorderer Kante ein Saum 
sich über den Rücken des Ausläufers quer 
hinzieht ( Abb. 9). Zwischen ihnen steht, 
diametral dem Ausläufer entgegengesetzt, 
noch die siebente Schuppe. 

Nach Entfernen der einen Seiten- 
schuppe ( Schuppe 3) erkennt man, dass 
das ober der 4. Schuppe sitzende Inter- 
nodium und mit ihm auch jenes über 
der 2. und 3. sowie die Basis des Nächsten 


ABB. 9 — Junge Ausläuferzwiebel von Lilium superbum. 
Entfernen aller unteren Schuppen bis zur Tragschuppe des Ausläufers (1). 


(2, 3) sind dem Ausläufer ebenfalls breit angeheftet. 


St, Stengel. 


A, von oben; B, von unten; C, nach 
Die folgenden Schuppen 
D, nach Entfernen der vorderen Schuppe (3). 
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Internodiums in die Bildung eines aus- 
gedehnten Zwiebelbodens eingeht, der 
sich unvermittelt in den Ausläufer verlän- 
gert. Die median rückwärts stehende 
Schuppe sitzt diesem verbreiterten Grund- 
achsenteil ebenfalls mit verbreiterter 
Basis auf. 

Der Ausläufer entsteht also zwar axillar 
in der 4. Schuppenachsel (Schuppe 1), 
ist aber in der Entwicklung so stark 
gefördert, dass er mit der Tragschuppe 
und den folgenden kongenital verwächst 
und mit der Abstammungsachse eine unt- 
rennbare Einheit bildet, so dass die Fol- 
geschuppen der Abstammungsachse mit 
ihrer Basis bis auf den Ausläufer reichen. 

Die Internodien ober der 4—6. Schuppe 
und der unterste Teil des Internodiums 
über der 7. Schuppe ( der obersten ) sind 
ausserordentlich stark entwickelt und 
bilden so mit dem Ausläufer eine massive 
Einheit, auf der der oberirdische Stengel, 
der bedeutend schwächer als der Ausläu- 
fer ist, wie eine Seitenachse eines Mono- 
podiums aufsitzt. Würde der vorjährige 
Ausläufer nicht korrodieren, so käme ein 
rhizomartiges Grundachsengebilde zustan- 
de, das einem horizontal verlaufenden 
Monopodium sehr ähnlich sehen würde. 

Die starke Beteiligung der Grundachse 
am Ausläufer und sein Voraneilen in der 
Entwicklung lässt nun tatsächlich die 
gleiche Entwicklungstendenz erkennen, 
die zu den Grundachsenformen von 
Gagea Sect. Tribolbos und Sect. Didymo- 
bolbos, Lloydia und Erythronium führte. 
Insbesondere die Verhältnisse bei Lloydia 
serotina, bei der sogar die untersten Laub- 
blätter des Achselsprosses der oberirdi- 
schen Achse um eine Vegetationsperiode 
voraneilen und die Basis der Zwiebel, die 
in Wahrheit der Achse angehört zu einem 
lange persistierenden Rest, der sich mit 
denen der vorangegangenen Jahre, zu einer 
Kette zusammenschliesst, zeigen eine un- 
verkennbare Homologie dieser Ausläufer- 
bildungen. Unter Berücksichtigung der 
geringeren Schuppenzahl muss auch die 
von mir geschilderte Ausläuferbildung bei 
Fritillaria agrestis in diese Reihe gestellt 
und mit der Ausläuferbildung bei Lilium 
superbum als gleichwertig angesprochen 
werden. 

Daraus ergibt sich die Folgerung, dass 
diese Einheit des Typus in der Grundach- 
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senbildung trotz der äusserlichen Verschie- 
denheit der Zwiebeln infolge der Ver- 
mehrung der Schuppen, und der wohl 
daraus folgenden Verschmälerung der 
Schuppenbasis, doch unbedingt die enge 
Verwandtschaft beweist. 


Der Zusammenhang der Gattung 

Alstroemeria mit den amerikani- 

schen Liliumarten in Bezug auf die 
Grundachse 


Die Entstehung des Ausläufers bei 
Lilium superbum lässt nun eine enge 
Beziehung zwischen den amerikanischen 
Liliumarten und Alstroemeria sofort er- 
kennen. In beiden Fällen wird eine 
horizontale Grundachse ausgebildet, die 
stärker ist, als der Luftspross, der, 
relativ zur Grundachse, seitlich empor- 
strebt. Diese Tatsache allein könnte nun 
ebensogut eine Analogie ohne stammes- 
geschichtlichen Zusammenhang sein. Es 
muss daher untersucht werden, inwieferne 
Kennzeichen einer Homologie einen inne- 
ren Zusammenhang beweisen. 

Eine Tatsache tritt da nun ganz beson- 
ders in den Vordergrund. In beiden 
Fällen entsteht die horizontale Grund- 
achse axillär aus einer Tragschuppe des 
Hauptsprosses, ist also eine sympodiale 
Erneuerung, in beiden Fällen aber ent- 
wickelt sich diese Axillarknospe sofort 
nach ihrer Anlage mit solcher Mächtig- 
keit, dass auch die Abstammungsachse 
eine enorme Verstärkung erfahren muss, 
und daher mit der Seitenachse eine fest 
verschmolzene Einheit bildet, aus der der 
Hauptspross wie eine seitliche Bildung zu 
entspringen scheint. Eine Unterschei- 
dung, wie weit das Gewebe der Abstam- 
mungsachse, wie weit dem Axillarspross 
angehört, ist in beiden Fällen unmöglich. 
Dass die Ausbildung des Seitentriebes bei 
Alstroemeria sogar die Fortentwicklung 
des Hautsprosses hemmen kann, ist alsein 
weiteres Fortschreiten einer schon bei 
Lilium superbum eingeleiteten Tendenz 
zu werten. In diesem Zusammenhang 
verdient es aber auch Beachtung, dass 
die Neigung, den Hauptspross gegenüber 
dem Axillarspross zu unterdrücken, bei 


den Lilioideae und schon bei deren Vorläu- * 


fern, den Wurmbeoideae ( Gagea, Baeo- 
metra, Iphigenia) in der Inflorescenz zu 
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beobachten ist. Ebenso sind Verwach- 
sungen von Abstammungsachsen und 
Seitensprossen schon bei Gagea Sect. 
Tribolbos charakteristisch, wo ebenfalls 
eine Trennung der beiden Gewebe nicht 
möglich ist. 

In einem Punkte scheint ein wesent- 
licher Unterschied zu bestehen, der sich 
jedoch als nur scheinbar erweist. Bei 
Alstroemeria ist es bereits die unterste 
Schuppe, die den Seitenspross entwickelt, 
während bei Lilium superbum erst die 
vierte den Seitenspross trägt. Vergleicht 
man jedoch Duchartres Beschreibung der 
Zwiebel von Lilium canadense, so zeigt es 
sich, dass bei dieser der Ausläufer unter 
der Zwiebel entspringt — “ immediate- 
ment au-dessous du vieille oignon et 
très vraisemblement a l’aiselle d’une 
écaille tombée plus tard ”. Grove betont, 
dass nur die blühfähige Zwiebel einen 
Ausläufer bilde. Da nun aber bei Liliwm 
die älteren Schuppen persistieren ist nun 
die geschilderte Zwiebel von Lilium super- 
bum leicht so zu erklären, dass es sich bei 
dieser noch sehr jungen Sämlingszwiebel 
um den ersten Ausläufer gehandelt hat, 
und die unter der Tragschuppe liegenden 
Schuppen dem vorigen Jahrgang ange- 
hört haben dürften, was der Anzahl nach 
auch mit den Schuppen über dem Ausläu- 
fer, beide Male drei, übereinstimmt. 

Die Erweiterung des Zwiebelbodens, bei 
Lilium superbum zusammen mit dem 
Ausläufer, findet aber auch schon ihre 
Vorstufe in der horizontal verlängerten 
Grundachse bei Lilium washingtonianum 
und Lilium humboldtii, bei denen die 
Schuppen aus ihrer regelmässigen Anord- 
nung verschoben sind, und die Baker 
bereits als ersten Schritt von der Schup- 
penzwiebel zum echten Rhizom anspricht. 

Der Verlust der Speicherfunktion der 
Niederblätter bei Alstroemeria kann aus 
zwei Tatsachen gedeutet werden. Zu- 
nächst ist es die starke Entwicklung der 
Grundachse selbst, die naturgemäss an 
sich schon eine so grosse Menge von 
 Reservestoffen zu speichern imstande ist, 
dass es der Schuppen gar nicht bedürfte, 
wozu noch überdies die fleischigen, offen- 
bar Wasser speichernden Wurzeln kom- 
men. Dazu kommt aber der Umstand, 
dass Alstroemeria in einem Klima wächst, 
in dem eine Ruheperiode gar nicht ein- 
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treten muss, und tatsächlich praktisch 
nicht ganz einzieht, das heisst nach der 
Fruchtreife schon wieder entwickelte 
Stengel besitzt, die unter Frostschutz 
auch bei uns den Winter überdauern, 
soferne die Art überhaupt den Frost 
ertragen kann, wie es z.B. bei Alstroe- 
meria aurantiaca der Fall ist. Eine Not- 
wendigkeit der Reservestoffspeicherung 
ist also gar nicht gegeben, ebensowenig 
wie ein Schutz des ruhenden Triebes, da 
dieser gar keine Ruhezeit mitmacht. 
Primär muss also wohl die Ausbildung 
einer Grundachse mit Speicherfunktion 
für den Verlust der Nährblätter verant- 
wortlich gemacht werden, sekundär die 
Tatsache, dass sie auch sonst in Verlust 
gehen konnten, ohne die Existenz der 
Pflanze zu gefährden. 

Wenn nun in diesen Punkten eine 
weitestgehende Übereinstimmung von 
Lilium superbum und Alstroemeria ausser 
Zweifel steht, müssen doch auch die nicht 
unbeträchtlichen Unterschiede gewertet 
werden, bevor man den Schluss auf ent- 
wicklungsgeschichtliche Zusammenhänge 
wagen darf. Hier sind es ganz besonders 
zwei Punkte, in denen eine Ubereinstim- 
mung nicht besteht, erstens die Tatsache, 
dass die Niederblätter bei Alstroemeria 
stengelumfassend sind, während die Zwie- 
belschuppen bei Lilium ihn niemals ganz 
umfassen und zweitens, dass der Ausläufer 
bei Lilium superbum und Verwandten 
mehrere Schuppen trägt, während bei 
Alstroemeria stets bereits die erste Schup- 
pe den neuen Axillarspross ausbildet. 
Diese beiden Unterschiede lassen sich 
jedoch meines Erachtens auf einen gemein- 
samen Nenner bringen, da beide auf das 
Zusammenrücken zahlreicher Internodien 
auf der Grundachse bei Lilium einerseits 
und der geringen Zahl von Grundach- 
seninternodien bei Alstroemeria anderseits 
zurückgeführt werden können. 

Zunächst muss überlegt werden, wie 
sich aus der einfachen, von einem einzigen 
rings geschlossenen Nährblatt gebildeten 
Zwiebel von Gugea die aus vielen Schup- 
pen gebildete Zwiebel von Lilium gebildet 
hat, die doch rein habituell von Gagea 
oder Lloydia, aber auch von den Zwiebel- 
bildungen der Tulipeae sehr erheblich 
verschieden ist. Genau genommen ist 
es der gleiche Vorgang, der auch inner- 
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halb der Tulipeae zu den mehrblättrigen 
Zwiebeln einer hochentwickelten Tulipa 
geführt hat, nämlich die Vermehrung 
der gestauchten Grundachseninternodien. 
Diese Entwicklung ist schon bei den 
Llywdieae sehr deutlich ausgeprägt, da 
bereits Tricholloydia eine erhebliche An- 
zahl von Grundblättern aufweist. Ich 
habe bereits seinerzeit darauf hingewie- 
sen, dass einesteils schon bei den Lloy- 
dieae (Lloydia tibetica, Giraldiella) eines 
der Grundblätter die Spreite verloren hat 
und zur Grundblattschuppe geworden ist, 
anderseits aber bei Tulipa uniflora auch 
ein Grundblatt mit Spreite vorkommt und 
bei Tulipa tricolor zwar das erste Nähr- 
blatt ein Schuppenblatt ist, die weiteren 
zwei Nährblätter aber eine noch deutliche 
rudimentäre Spreite aufweisen. Die Tuli- 
peae sind nun auch in den höchstent- 
wickelten Formen nicht sehr stark beblät- 
tert. Schon aus diesem Grunde kann die 
Zahl der Zwiebelschuppen auch nur eine 
beschränkte Grösse erreichen. Dagegen 
zeichnen sich die Lilieae von vorneherein 
durch eine besondere Vermehrung der 
Blattorgane aus, wenn man von den pri- 
mitivsten Formen absieht. Daher kann 
die Zahl der gestauchten Grundachsenin- 
ternodien und damit der Zwiebelschuppen 
beliebig vermehrt werden, was Anlass 
zur vielschuppigen Zwiebel gibt. 

Damit ergibt sich aber auch die Ent- 
wicklung der imbrikaten Lage nicht 
stengelumfassender Schuppen von selbst. 
Bereits bei den Wurmbeoidea ( Andro- 
cymbium, Ornithoglossum, Iphigenia, die 
Glorioseae) zeigt sich die Tendenz, bei 
grösserer Blattanzahl nur die untersten 
Blätter stengelumfassend auszubilden, 
während die höher gelegenen höchstens 
halbumfassende Scheiden besitzen. Das- 
selbe zeigt sich bei den Tulipeae. Es muss 
also schon aus dieser Tendenz heraus 
damit gerechnet werden, dass bei einer 
wesentlichen Vermehrung der Zwiebel- 
schuppen mindestens die innersten nicht 
mehr geschlossenen Schuppen sein können. 
Als Vorläufer dieser Zwiebelform müssen 
also Zwiebeln angenommen werden, deren 
äusserste Hüllen zwar noch umfassend, 
also rings geschlossen sind, deren weitere 
aber nur mehr von offenen Schuppen 
gebildet werden. Dieser Typus ist im 
“ bulbus tunicatus ’” etwa bei Notholirion, 
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tatsächlich verwirklicht. Bei den höheren 
Lilioideae geht aber die geschlossene Hülle 
gänzlich verloren, das heisst, sie tritt 
überhaupt nicht mehr in Erscheinung. 

Es ist nun aber überhaupt grundsätz- 
lich zu überlegen, worin der Unterschied 
zwischen stengelumfassenden und halbum- 
fassenden Blättern liegt. Der primitivere 
Fall in dieser Reihe ist zweifellos das mit 
der Scheide stengelumfassende Blatt, da 
dieses bei den primitivsten Formen der 
Wurmbeoideae allgemein allein auftritt 
und erst relativ hochentwickelte Formen 
der Wurmbeoideae und Lilioideae offene 
und im weiteren Verlaufe halbumfassende 
Blattscheiden aufweisen. Auch da ist es 
dann noch die Regel, dass die Jugendfor- 
men noch geschlossene Blattscheiden 
haben. Die Umbildung des Spreitenblat- 
tes zum reinen Schuppenblatt beruht nun 
aber auf einer Hemmungserscheinung, 
indem zunächst die Ausbildung der Spreite 
gehemmt wird und so Schuppen entstehen, 
die, entsprechend der geschlossenen Schei- 
de nun geschlossene Nährblätter bilden, 
wie sie bei T'ulipa am schönsten entwickelt 
sind. Wenn man von den Blattorganen 
mit Brakteencharakter absieht, bei denen 
wohl schon in der Anlage nur der besonders 
geförderte Teil zur Entwicklung kommt, 
da gewissermassen bereits ein Material- 
mangel auftritt, der durch den hohen 
Verbrauch bei der Blütenanlage begründet 
ist, muss man annehmen, dass auch die 
Blattorgane höherer Knoten in Anlage 
stengelumfassend angelegt werden, jedoch 
durch einseitige Förderung beziehungs- 
weise einseitige Hemmungserscheinungen, 
was praktisch dasselbe ist, die ventrale 
Seite so frühzeitig gegenüber der dorsalen 
zurückbleibt, dass sie überhaupt nicht 
mehr in Erscheinung tritt. Dass es sich 
nun bei den einseitigen Zwiebelschuppen 
tatsächlich so verhält, erkennt man am 
besten aus dem bereits von mir beschrie- 
benen Keimlingsnährblatt von Gagea ten- 
nuifolia, das ich bereits damals als Vor- 
läufer der zur Liliumzwiebel führenden 
Tendenz angesprochen hatte. Bei diesem 
Keimling entstehen anstelle des sonst bei 
dieser Gattung üblichen einzigen, geschlos- 
senen Nährblattes, schon in der Keim- 
blattscheide zwei Nährblätter, von denen 
das viel grössere äussere nur mit der Basis ||. 
das kleinere innere umfasst. Auch bei |} 
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Erythronium sind die einzelnen Schuppen 
der Zwiebel sehr einseitig ausgebildet und 
zeigen auf der ventralen Seite nur einen 
niedrigen Scheidensaum. 

Es lag auf der Hand, Übergänge an der 
Liliumzwiebel keinesfalls an voll ent- 
wickelten Zwiebeln zu suchen, sondern 
nur an Jugendzuständen, deren Schuppen- 
zahl noch geringer und deren Grundach- 
senstück noch schmächtiger ist als 
bei ausgewachsenen Zwiebeln. Aus der 
grossen Zahl von Jugendzwiebeln von 
Liliumarten, die ich untersuchte, seien 
hier nur einige aufgezeigt, die gewisser- 
massen eine Reihe von bergängen 
zeigen. 

LILIUM LANKONGENSE, Sämling — Ein 
mehrjähriger Sämling von Lilium lankon- 
gense lässt 5 Blätter erkennen. Zu äus- 
serst befindet sich eine tote Schuppe, 
die deutlich erkennen lässt, dass sie der 
Rest eines Grundblattes ist, da sie eine 
lang ausgezogene Spitze, eine einstige 
Spreite, besitzt. Auf sie folgt ein typi- 
sches Schuppenblatt, welches bereits ver- 
welkt ist. Das nächste Blatt ist wieder 
ein Laubblatt mit schuppenblattartiger 
Scheide und bereits abgestorbener Spreite, 
welches aber nicht genau ober dem unteren 
Laubblattrest steht. Der neue Jahrgang 
wird von einem nun folgenden Schuppen- 
blatt und einen Laubblatt mit verdickter 
Scheide gebildet. Während nun auf der 
einen Seite diese beiden Blattorgane bis 
zur Achse getrennt sind, tritt an dem 
untersuchten Sämling eine ganz kurze 
Verwachsung dieser beiden Blätter an 
dem einen Blattrand auf. In keinem 
Falle ist aber eine der Blattscheiden oder 
Schuppen rings um die Achse geschlossen 
und auch die innersten Anlagen des 

nächsten Jahrganges sind stets nur zu 
zwei drittel bis dreiviertel des Achsenum- 
fanges geschlossen, wenn dies bei den 
‘innersten Anlagen auch nicht mehr als 
ein Bruchteil eines Millimeters ist. 

Diese Zwiebel gibt also keinen Anhalts- 
punkt für die Entstehung der Schuppen- 
zwiebel aus einem “ bulbus tunicatus ”, 
jedoch sie zeigt, dass ein grundsätzlicher 
Unterschied zwischen den Zwiebelschup- 
pen der Liliumzwiebel und den Laubblät- 
tern nicht besteht, indem die bei dem 
Sämling noch allein vorhandenen Grund- 

blätter eine Scheide besitzen, die einer 
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Zwiebelschuppe gleicht und die gleiche 
Funktion hat. 

LILIUM FARRERI — Einer noch jungen 
Zwiebel von Lilium farreri entspringt ein 
Stengel, der infolge tiefer Lage der Zwiebel 
zu einem ansehnlichen Teil unter der 
Erde liegt. Zwischen der Zwiebel und 
dem stengelbürtigen Wurzelkranz liegen 
hier vier kleine, bereits verrottete Schup- 
penblättchen, die alle den Stengel nur 
halb umfassen und mit ihrer Basis etwas 
herablaufen. Aus der Achsel der beiden 
oberen dieser Schuppen haben sich junge’ 
Zwiebeln mit dem typischen Bau ent- 
wickelt, deren Schuppen jedoch noch in 
einer etwas abgeplatteten Stellung stehen. 
Sie müssen den Brutzwiebeln vieler Lilium- 
arten in den Achseln der Stengelblätter 
gleichwertig erkannt werden und nicht 
den Axillarbildungen der Zwiebelschup- 
pen, da anders nicht die oberen, sondern 
die unteren dieser Schüppchen sie aus- 
gebildet haben müssten, beziehungsweise 
die Zwiebelschuppen selbst am ehesten 
weitere Vermehrungssprosse ausgebildet 
haben würden. 

Nach Entfernen der äussersten, ältesten 
Schuppen kommt ein Stengelrest zum 
Vorschein. Die nun folgenden, noch festen 
Zwiebelschuppen umfassen die Grun- 
dachse etwa zu 3, wobei der eine Schup- 
penrand steil, der andere verlaufend in 
den Zwiebelboden übergeht. Nach Ent- 
fernen weiterer 8 Schuppen kommt der 
gegenwärtige Stengel zum Vorschein, der 
von der in Bildung begriffenen neuen 
Schuppengeneration etwas zur Seite 
gedrängt ist. Auch diese Schuppen um- 
fassen den Stengel nur halb und schliessen 
auch sonst nicht zusammen. Nach Ent- 
fernen weiterer 4 Schuppen kommt man 
zu immer jüngeren Schuppenanlagen, die 
einander nur zur Hälfte umfassen und 
ebenso mit der Basis nur den halben 
Achsenumfang einnehmen, dabei an Grösse 
nach innen zu sehr rasch abnehmen. 
Dieses Bild setzt sich nun bis zu den 
innersten noch wahrnehmbaren Anlagen 
unverändert fort. 

Eine junge Zwiebel einer Lilium marta- 
gon-Form aus dem Altai zeigt wieder 
Zwiebelschuppen, die in eine Spreite 
ausklingen. Die innersten Schuppen 
dieser Art aber nehmen mit ihrer Basis 
etwa ? des Achsenumfanges ein. Wäh- 
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rend sie im Neutrieb infolgedessen die 
nächste Schuppe stark umfassen, werden 
sie natürlich beim Heranwachsen flacher 
ausgebreitet und umschliessen den inneren 
Teil nicht mehr weiter als ca % des 
Zwiebelumfanges. Hier ist also die An- 
näherung an die umfassende Schuppe, also 
das geschlossene Nährblatt immerhin 
etwas grösser. 

Lirıum Davipri — Die grösste Annähe- 
rung an die geschlossene Scheide konnte 
ich bei Lilium davidii feststellen. Die 
voll erwachsenen Zwiebelschuppen dieser 
Art zeigen die Eigentümlichkeit, dass sie 
am Grunde eine wulstartige Verdickung 
aufweisen. Bereits die nach Entfernen 
der abgestorbenen Schuppen äussersten 
frischen Schuppen, die mit ihren Flächen 
etwa jeweils ein Drittel des Zwiebelum- 
fanges einschliessen, zeigen an ihrer Basis 
( Abb. 10B ) einen besonders weit umlau- 
fenden Verlauf ihres Randes um die 
Grundachse. Dabei liegt die gleiche Eigen- 
art wie bei Lilium farreri vor, dass der 
eine Rand steiler, der andere flacher in 
die Achse verläuft; der letztere bildet 
geradezu einen Saum, so dass die Basis 
gut # des Achsenumfanges einnimmt. 
Nach Entfernen von weiteren 1-2 Schup- 
pen und Abpräparieren des darunter 
liegenden Achsenteiles umschliessen die 
folgenden Schuppen einander auf etwa 
3 des Zwiebelumfanges und scheinbar 
gilt dies auch für ihre Basis. Nur bei 
genauerer Betrachtung ist wahrzunehmen, 
dass besonders der eine, flacher einklin- 
gende Basisrand wie ein feiner Saum noch 
weiter umgreift. Besonders deutlich wird 
dies aber, wenn man die Zwiebel welken 
lässt und die nun nicht mehr brüchige, 
sondern zähe Schuppe abreisst. Es bleibt 
dann am rechten Rand der Schuppenbasis 
ein fadendünner Blattscheidenrest, der 
mit der Schuppe abgerissen wird, also zu 
ihr gehört, der aber fast um die ganze 
Achse herumläuft. Je weiter nach innen 
man mit dem Abpräparieren der Schuppen 
fortschreitet, umso weiter greift der 
Schuppenrand um die Achse, wobei auch 
die gegenseitige Überdeckung immer stär- 
ker wird. Eine auffallende Erscheinung 
kommt zutage, wenn die Stengelbasis 
freigelegt wird (Abb. 10D). Dieser 
trägt unmittelbar über der Insertion des 
Tragblattes der Erneuerungszwiebel ein 
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dünnes Blatt, welches um ihn herum- 
gewickelt und teilweise mit ihm verwach- 
sen ist. Die unterste Schuppe des Erneu- 
erungssprosses nimmt mit ihrer Basis fast 
den ganzen Achsenumfang ein und um- 
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ABB. 10 — Junge Zwiebel von Lilium davidii. 
A, Gesamtansicht. 1-4 Reihenfolge der Schuppen. 
B, von unten, C, von unten nach Entfernen der 
Schuppen 1 und 2. D, nach Entfernen von 3 
erscheint der Stengel ( St) mit einem grösstenteil 
dem Stengel angewachsenen Stengelniederblatt 
(Nst) und die Erneuerungsknospe Ax 4 aus der 
Achsel von 4. 
knospe von unten. Die Schuppe ( E1 ) fast ganz 
geschlossen. F, Erneuerungsknospe nach Ent- 
fernen von E 1. Die 2. Schuppe (E 2) schliesst 
die weiteren ganz ein und lässt nur unten ( Pfeil !) 
eine kleine basale Lücke frei. 


E, die freigelegte Erneuerungs- || 
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schliesst das Folgeblatt bis auf einen 
schmalen Zwischenraum (Abb. 10E ). 
Das zweite Schuppenblatt umwickelt die 
Folgenden mit den Rändern bereits voll- 
ständig. An der Basis jedoch lässt es eine 
kleine Lücke frei ( Abb. 10F) und ebenso 
verhalten sich alle weiteren Schuppen. 
ZUSAMMENFASSEND kann gesagt wer- 
den: Aus den bezüglichen Untersuchungen 
geht hervor, dass die Verlegung der 
Reservestoffspeicherung von den Zwiebel- 
schuppen auf die Grundachse offensicht- 
lich bereits bei Liliwm superbum durch 
die enorme Verstärkung einzelner Grund- 
achseninternodien zugleich mit dem Vor- 
aneilen der untersten beziehungsweise 
einer der untersten Axillarknospen vorge- 
bildeterscheint. Man kann diese Förderung 
als einen Ausdruck stärkster Basitonie an- 
sprechen, der bei Alstroemeria ihre höchste 
Entwicklung erfährt, so, dass selbst der 
Hauptspross als Abstammungsachse ge- 
genüber der geförderten Grundachse bezw. 
Axillarknospe, in den Hintergrund tritt. 
Die Folge davon ist, dass bei Alstroemeria 
keine Stauchung der Grundachseninter- 
nodien in dem Sinne, wie er zur Lilium- 
zwiebelbildung führt, eintritt, sondern 
bereits die auf das Tragblatt der Erneu- 
erungsknospe folgenden Niederblätter dem 
Stengel im engeren Sinne ( Luftspross ) 
angehören, wenn sie auch selbst noch in 
den meisten Fällen der Grundachse und 
untereinander stark genähert sind. Trotz 
der ausgeprägten Förderung des untersten 
Axillarsprosses können auch höhere, zu- 
mindest das nächsthöhere Niederblatt 
einen Axillarspross bilden, der jedoch 
zumeist erst zu einem viel späteren Zeit- 
punkt zum Austrieb gelangt. Gegenüber 
dem Ausläufer von Lilium superbum, bei 
dem mehrere Schuppen entwickelt werden 
und erst nach einem gewissen Erstarkungs- 
prozess, der auch eine Vegetationsperiode 
srheblich überschreiten kann, wird bei 
Aistroemeria jedes Niederblatt der Grun- 
lachse sofort zum Tragblatt eines wieder 
stark geförderten Axillarsprosses, während 
Abstammungsachse sofort zum Stengel 
iuswachst oder überhaupt unterdrückt 
wird. Dafür aber entwickeln sich in jeder 
/egetationsperiode nicht nur eine, sondern 
ine ganze Reihe von Wiederholungen des 
curz-sympodialen Aufbaues, so dass der 
'esamte Grundachsenzuwachs verhältnis- 
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mässig das gleiche Ausmass, wie der 
Ausläufer von Lilium superbum erreicht, 
aber dafür eine weit grössere Anzahl von 
Luftsprossen zustande kommt. Hierin 
liegt ohnezweifel ein gegenüber Lilium fort- 
schrittlicher Charakter. Dieser könnte 
durch den Übergang in das Klima der 
südlichen Hemisphäre herbeigeführt sein, 
so wie beim Übergang von Iphigenia zu 
Gagea ebenfalls ein Klimaübergang den 
Anstoss gegeben zu haben scheint. Es 
muss dabei beachtet werden, dass Alstroe- 
meria im Gegensatz zu den amerikani- 
schen Lilium eine vollkommene Ruhezeit 
nicht hat. 

Die stengelumfassenden Niederblätter 
an der Grundachse und den basalen Teilen 
des Stengels bei Alstroemeria bedeuten 
gegenüber Lilium im Ganzen einen Rück- 
schritt. Da aber gezeigt werden konnte, 
dass ess auch Liliumarten gibt, bei denen 
wenigstens ein Saum von den Zwiebel- 
schuppen wenn nicht vollkommen, so doch 
weitgehend stengelumfassend ist, muss 
angenommen werden, dass eine Wieder- 
ausbildung umfassender Niederblätter 
noch dazu nicht speichernder, möglich ist, 
da die Fähigkeit den Stengel zu umfassen 
zumindest nicht restlos verloren gegangen 
sein braucht, sondern nur durch Hemmung 
weitestgehend eingeschränkt wurde. Pri- 
mitivere Vorläufer der amerikanischen 
Lilien mögen diese Fähigkeit noch im 
stärkeren Masse besessen haben, die ja 
eine, den untersten Blattorganen der 
Lilioideae und ihrer Vorläufer zweifellos 
typische Eigenschaft ist und daher bei so 
ausgeprägter Basitonie und Beschrän- 
kung der Grundachse auf das unterste 
Internodium sehr wohl erhalten geblieben 
sein kann, während ja auch Alstroemeria 
nicht umfassende Stengelblätter besitzt. 

Als ein neues Merkmal kommt bei 
Alstroemeria die Speicherfunktion der 
Wurzeln dazu, die, zumindest in so ausge- 
prägter Form bei den Lilioideen nicht 
vorhanden ist. Dagegen muss darauf 
hingewiesen werden, dass die Ausbildung 
fleischiger Wurzeln in der gesamten Ent- 
wicklungslinie durchaus nichts neues ist, 
da auch die “ Zugwurzeln ”, wie sie in der 
ganzen Linie weit verbreitet sind, beson- 
ders fleischige Wurzeln sind, die allerdings 
infolge anderer Funktion später schrum- 
pfen und nicht der Speicherung dienen. 
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Die unterirdischen Achsenorgane und 
Blattorgane von Alstroemeria können also 
aus den entsprechenden Organen der 
Lilioideae ohne weiteres abgeleitet und 
verstanden werden. Trotz äusserlicher 
Unähnlichkeit sind sie eher geignet eine 
Verbindung als eine Trennung von Alstroe- 
meria von den Lilioideae zu begründen, 
da sie dem gleichen morphologischen 
Typus angehören. 


Summary 


Alstroemeria aurantiaca has a white, 
rather thick, rhizome which runs hori- 
zontally producing thin flowering stems 
not only from its thickened apex but also 
from the older parts. The thickened 
apex develops a very large bud so that 
the rhizome appears to be monopodial. 
A morphological study shows, however, 
that the large bud is really the axillary 
bud of the first scale leaf of the aerial 
sprout. Its first internode is greatly en- 
larged and the axillary bud is forwarded 
to such an extent that sometimes the 
further internodes are suppressed. Thus 
a chain of enlarged basal internodes is 
developed, imitating a long monopodial 
rootstock, although really the rhizome is 
sympodial. As even the first scale of the 
thin part of the stem bears an axillary 
bud, and the older parts of the rootstock 
can give rise to new aerial sprouts, there 
is a beginning of ramification of the 
rhizome. The roots of Alstroemeria 
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auraniiaca are partly of the thin and 
fibrous type, partly thick and fleshy. 
Other species have only the fleshy roots 
which are covered with velvety root-hairs. 
Therefore, Pax and Hoffmann’s distinc- 
tion between the genera Bomarea and 
Alstroemeria is invalid. 

The much-enlarged basal internode and 
the greatly forwarded axillary bud of the 
lowest scale show the typological unity 
of the rhizome of Alstroemeria with the 
stoloniferous bulbs of Lilium superbum 
and L. canadense. A young bulb of L. 
superbum, which has developed its first 
aerial stem, bears at the base three old 
yet fleshy scales. The fourth scale is the 
subtending leaf of the stolon and is con- 
genitally fused with it for nearly its whole 
length. The internodes above this scale 
are greatly enlarged and extended into 
the strong stolon which ends into the 
new bulb. Above the enlarged part the 
stem contracts rather abruptly into a 
thin aerial sprout. Thus we see the stolon 
to be formed in the axil of the fourth 
scale, but it is so greatly enlarged as to 
form an indivisible unit with the large 
basal internodes of the original axis. 

This development follows just the same 
tendency which results in the interesting 
stoloniform tuber of Gloriosa and other 
Wurmbeoideae and the droppers of Tulipa 
and Erythronium. Thus we see that there 
is a typological unity from the Liliaceae- 
Wurmbeoideae, through the Lilioideae- 
Lloydieae and Lalioideae-Lilieae, to Als- 
troemeria. 
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Concaulescence in Gloriosa 


The fact that in Gloriosa superba L. the 
flowers are inserted not in the axils of 
but collateral to the leaves is mentioned 
in several floras. In my opinion it is 
more appropriate, however, to describe 
this condition as an easily demonstrable 
case of concaulescence, specially since 
Warburg (1922) and Engler-Prantl 
(1889) mention flowers in the axils of 
the upper leaves. 

The pedicels of flowers really belong to 
the axils of leaves situated two internodes 
below. This is best seen in a branch 
where two leaves stand at the same level 
(Fig. 1). In such a case two flowers are 
also seen at the same level two internodes 
above. Outwardly the mature stem does 
not show any indication of containing 
the congenitally fused basal part of a 
pedicel and its vascular strands. Near 
the apex of the plant, however, the 
“fused” part of the pedicel can be seen 
very clearly as a rib running along the 
stem for two internodes. 


nflorescence Thorns in Bougainvillea 


The hooks or thorns, by which plants 
of this genus climb, are regarded as modi- 
aed branches. Troll (1935-39, p. 557) 
fers to them as the first instance of 
“einfache Dornzweige ”, being the pri- 
nary side branches of the long shoots. 
de admits another possibility, however, 
ind points ( p. 854) to the curvature as 
uggestive of a transition to the hooked 
endrils of Uncaria. 

A closer study reveals that they are 
ndeed inflorescence thorns, entirely com- 
arable to the hooks of Uncaria and 
{rtabotrys. 


| 


On long, quickly growing shoots which 
climb on trees the thorns are strong and 
curved, without any appendages ( Fig. 2, 
bottom left). When very young, they 
bear an apical bud (Fig. 2, top left ), 
which would still agree with their nature 
as simple stem-thorns. On _ flowering 
shoots no real spines are produced, but 
the peduncles of fallen inflorescences 
remain as hard, blunt, spine-like projec- 
tions ( Fig. 3) which are homologous to 
the climbing thorns of Uncaria and Arta- 
botrys. 

On long climbing shoots, where their 
differentiation seems to be disturbed for 
some reason, intermediate forms can be 
seen. Sometimes the “ apical bud ”’ proved 
to be a small inflorescence. Sometimes 
the tip remained blunt with a clear scar, 
or the thickening and hardening remnants 
of two bracts were visible on the top. 

In a way the thorns of Bougainvillea 
make the category of ‘inflorescence 
thorns’ less sharply demarcated than 
was the case hitherto (cf. Troll, p. 854- 
859). The term “ hooked tendrils ’’ does 
not seem appropriate for them, for ten- 
drils are sensitive and thicken only after 
having touched the support. In Bougain- 
villea the thickening takes place indepen- 
dently of any contact with the support. 
Even the axes of unfertilized inflorescen- 
ces show a marked increase of sclerenchy- 
matous tissue after the abscission of the 
flowers. As the plant never fruits in 
Java, the behaviour of fruiting axes could 
not be studied. 


Flowers Reduced to Glands in 
Honckenya filicifolia Willd. 


In or near the axils of the lower leaves 
of Honckenya there are seen spherical 
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f ies S is found that near the 
sters of -, pear-shaped little bodies old and loose. It is 
(Tie 4) on ne (eae and having oldest leaves the glands have generally 
an apical pore through which they secrete disappeared. 
a here frequent these glands and Van Welsem (1918) described them as 
probably carry them away when they are simple extrafloral nectaries, but it seems 


Fics. 1-6. Fig. 1, flowering branch of Gloriosa superba; most of the flowers had withered and have 
been cut away. x4. Fig. 2, part of long climbing shoot of Bougainvillea with various types of | 
hooks all combined into one drawing. x4 Fig. 3, part of flowering shoot of Bougainvillea. x} 
Figs. 4, 5, glands near the axil of one of the higher leaves of Honckenya filicifolia. x4 Fig. 6, 
optical longitudinal section of diaspore of Rottboelia exaltata (seed striped, elaiosome dotted, 
elaiosome of next higher internode shown with interrupted line). x5. 
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that they are really the equivalents of 
glands at the apices of the four sepals. 
Such glands have already been described 
by Cammerloher (1929) but he over- 
looked the lower gland-clusters. 

The sepaline glands are apical mammi- 
form swellings which secrete nectar before 
the opening of the flower. Every flower 
bud, therefore, bears four drops of nectar 
when the atmosphere is sufficiently humid 
wer Welsem’s Fig: II, 5) and is fre- 
quently visited by ants. In flowers, 
which have opened, the glands seem to 
wither. 

There is a gradual transition between 
the sepaline glands and the pear-shaped 
bodies mentioned in the first para. In 
the clusters of the upper leaves, towards 
the inflorescence, the bodies are clearly 
arranged in groups of four, each group 
with a common base (Fig. 5). In the 
axils of the bracts at the base of the 
inflorescence, each group of four is recog- 
nizable as a small flower-bud. Longi- 
tudinal sections through such transitions 
reveal that all the organs of the flower 
except the enormously developed tips of 
sepals are abortive but still clearly recog- 
nizable. Thus it is clear that the clustered 
body is a modified inflorescence in which 
only the sepal glands are left. 

The clusters are comparable with the 
aborted flowers in many Papilionaceae 
like Phaseolus, Vigna, Dolichos, Cana- 
vallia and others. Further cases of flowers 
reduced to glands are known in Capparis, 
Sesamum and some other Pedaliaceae. 
No traces of nectar glands could be found 
on the leaves of Honckenya. I can say 
nothing about the ecological function of 
the bodies described above. This aspect 
deserves to be studied in the native 
habitat of the plant, i.e. Tropical West 
Africa. The queer staminodes in the 
flower also deserve attention. 


The Chorology of Rottboelia and 
Curculigo 


In Rottboelia and many related grasses 
the mature spike disintegrates into pieces, 
each derived from one internode and 


acting as one dispersal unit or diaspore. 


Helm (1934) has described their mor- 
phology, but puts the phenomenon on a 
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wrong ecological basis. He thinks ( p. 75 ) 
that the plant occurs in marshy places 
and that the cavity in the upper part of 
the diaspore (see his Fig. 5) serves to 
keep it afloat. The fact is, however, 
that the plant is found in arid savannah- 
like regions which dry out completely 
during the dry east monsoon. 

Beumee ( 1926 ) has already stated that 
Rottboelia exaltata L. is one of the many 
grasses from such regions whch have 
elaiosomes on the loosened spike parts. 
The medulla of the upper part of an inter- 
node adheres to the next internode above 
it as a white elaiosome, leaving a cavity 
inside itself. In the alcohol material of 
Helm these soft masses had probably 


shrunk, as indicated by his figures. They 
also shrink very soon in nature. As in 
most elaiosomes their outer cells have 


very delicate walls which are impregnated 
with an oily substance which stains red 
with Sudan III. The inner cells are 
entirely filled with oil drops and starch 
grains. 

Beumée reported transport by ants in 
the related grasses Polytoca macrophylla 
Benth. and Mnesithea pubescens Ridl. 

I studied KRottboelia exaltata in Bandung 
with diverse ants in gardens. At first 
this led to a deception, as small ants 
seemed to gnaw the elaiosomes instead 
of transporting the seeds. There were, 
however, other features which pointed to 
real myrmecochory, such as the hard and 
smooth layer covering the seed proper. 
Also ıt is customary in myrmecochorous 
plants to drop their seeds on the ground. 
Therefore, I was glad to be able to have 
an opportunity of observing the plant in 
its natural habitat, the termite savanna of 
Indramaju. Here Beumée’s assumptions 
were fully corroborated. My field notes 
are unfortunately lost now but I remember 
well that large, hairy ants took the large 
diaspores into their tunnels. 

This feature has a more general im- 
portance for termite savannas, as des- 
cribed by Van Steenis ( 1936). Even in 
the wet season the soil is mostly quite 
impenetrable because of its sticky clay, 
of which only the superficial layer becomes 
mud. In the dry season it becomes stony. 
Van Steenis has already shown that many 
plants are limited to termite hills, these 
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being the only aerated spots in the 
savanna, I think many of the grasses in 
level places owe their insemination to ants 
which penetrate some centimeters down 
into the soil. Of course there are also 
places where in the wet season the mud 
is softer and richer in humus, so that 
germination there is easier, but I found 
the grass fructifying in the dry season. 

Polytoca bracteata R. Br. and species of 
Sclerachne, Ophiurus and M nesithea, men- 
tioned by Beumée, have also been found 
in Indramaju by Van Steenis, as also 
Curculigo orchioides Gaertn, a member of 
the Liliaceae. This plant has a very 
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THE SHOOT APEX IN GYMNOSPERMS 


MARION A. JOHNSON 
Department of Botany, Rutgers University, New Brunswick, N.J., U.S.A. 


This review has been attempted in the 
belief that a brief survey of our knowledge 
of the shoot apex in gymnosperms at this 
time will be of value for comparison with 
the increasing number of studies which 
have been completed or are in progress on 
the structure and growth of the angio- 
spermous apex, and to indicate the 
families requiring further investigation. 
Attention will be focused largely upon the 
research of the past two decades, since 
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curious elaiosome, being a part of the 
placenta adhering to the persisting funi- 
culus when the seeds are shed. The 
funiculus and testa are very hard. The 
elaiosome seems to be absent in Cur- 
culigo capitulata O.K. occurring in wet 
forests. 

This relation between plant distribu- 
tion and ants will probably become more 
clear when we construct a dispersal 
spectrum of the region in the way Molinier 
and Muller constructed dissemination 
statistics for some plant associations in 
France, where they demonstrated the 
importance of harvest ants. 
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detailed treatment and the evaluation of | 
the earlier literature will be found in the 
accounts of Douliot ( 1890 ), Koch ( 1891 ), J 


and Foster (1939a, 1941b ). 


Research which has had the advantage, | 
of modern histological technique for the} 


apex (Ball, 1941 ) — mostly on plants 
beyond the seedling stage — has failed 
to support the early contentions of Hof- 
meister (1857), Nägeli (1878), Dingler 
(1882, 1886), Korschelt (1884), and 


1951 ] 


Douliot (1890) that the terminal meris- 
tem of the shoot possesses a single apical 
cell to which all other cells can be traced. 
It has been repeatedly demonstrated that 
a large surface cell may occur at the 
geometric centre of the summit of the 
apex, but such cells do not maintain them- 
selves and cut off a regular series of 
segments as in bryophytes and pterido- 
phytes. An apical cell with three cutting 
faces may be active in the early stages of 
embryo development, and in Pinus mon- 
tana, which appears to be an exceptional 
case, remains even in the mature embryo 
( Johansen, 1950 ). Considering the histo- 
logical technique of the time and the 
beautiful segmentation of the apical cell 
which had only recently been discovered 
in leptosporangiate ferns, it is not sur- 
prising that a strong attempt was made 
to interpret the gymnospermous apex in 
terms of the apical cell theory. 

In like manner, support has not been 
forthcoming for the histogen concept of 
Hanstein (1868) which has been shown 
to be inconsistent with the facts revealed 
by research in the gymnosperms. In the 
treatment of the various families the 
apical cell and histogen theories will not 
be laboured further. 

Certain precautions have frequently 
been overlooked by histologists, working 
on the apex, which have made it difficult, 
or in some instances valueless, to make a 
comparison of the apex throughout the 
various families. This has been parti- 
cularly true for: (1) size of the apex, 
(2) organization of the apical meristem, 
and (3) plane of cell division. Size of the 
apex varies with the age of the plant 
(Buchholz, 1938), with the age and vigour 
of the individual branch, and with the 
type of shoot, i.e. whether permanent or 
deciduous as in Taxodium ( Cross, 1939) 
or Ephedra (Gifford, 1943). Also, size 
is correlated with the stages in the seasonal 
cycle of growth when such exist. In 
Torreya californica (Kemp, 1943) the 
height of the apical cone may be increased 
by six times, and the diameter by three 
times, from the end of bud expansion in 
March (California) until the period of 
foliage formation in August. Likewise in 
Gnetum ( Johnson, 1950 ), size varies with 
the stage of development within the plasto- 
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chron cycle, being smallest immediately 
after and largest immediately before the 
elevation of leaf primordia. The base 
line from which dimensions are measured 
should always be immediately above the 
youngest leaf primordium. Unless all 
these precautions are taken into account, 
data on size have little significance. 

It has been shown definitely that the 
extent, discreteness, and structure of the 
various zones in the apex differ during 
different stages in the annual growth 
cycle (Kemp, 1943; Korody, 1937; Ster- 
ling, 1946). Even the plane of division 
may be correlated with the growth cycle. 
In resting and expanding buds of Torreya 
( Kemp, 1943), periclinal divisions occur 
throughout the surface layer of the apex. 
However, from the interval preceding bud 
scale formation until the period of foliage 
leaf formation, only anticlinal divisions 
occur on the flanks, with periclinal divi- 
sions limited exclusively to the summit 
of the apex. Much has been made of the 
tendency toward the elimination of peri- 
clinal divisions in the surface layer of the 
higher gymnosperms; data supporting 
such a contention to be valid must be 
drawn from studies which have included 
an entire seasonal growth cycle as 
well as branches in varying stages of 
vigour. 

The disposition of the genera into the 
several families, and the families into 
phyla has been made in accordance with 
the treatment followed by Johansen 
(1951) in his recent text on embryology. 
It is hoped that this will facilitate a com- 
parison of apices and embryos both of 
which are concerned with the building of 
axis and appendages. 


Cycadaceae 


The apices of seven of the nine genera 
have been investigated recently. Foster 
( 1939b, 1940, 1941a, 1943 ) has presented 
detailed accounts in a series of superbly 
illustrated papers on Cycas, Dioon, and 
Microcycas, and Johnson (1939, 1944a, 
1944b ) has reported upon Zamia, Bowenta, 
Encephalartos, and Macrozamia.  Cerato- 
zamia and Stangeria await detailed study, 
as does Macrozamia since our knowledge 
of its apex is limited to the embryo. 
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The cycad apex is mound-like or broadly 
cone-shaped in general contour and in 
comparison to the apices of other seed 
plants is exceedingly massive (Fig. 1). 
The following measurements in terms of 
basal diameter are on record: Cycas revo- 
luta 2018-3305 u, Dioon edule 1677-1941 u, 
Microcycas calocoma 500-2000 u, Bowenia 
serrulata 1246u, Encephalartos 856-1263 y, 
Zamia 400-860 y, and an embryo of Macro- 
zamia moorti 625 u. Itisnot known whether 
the apex undergoes changes in size associat- 
ed with seasonal growth cycle or with the 
formation of foliage leaves and cataphylls. 
Scarcity of plants practically precludes 
the collection of enough material of com- 
parable age to determine this point. 

Median longitudinal sections show the 
apex to be composed of a central core of 
embryonic tissue surrounded by a very 
actively dividing flanking zone of deeply 
staining cells (Fig. 1). The central core is 
generally stratified into four more or less 
distinct zones: (1) a surface region of initia- 
tion at the summit, (2) a zone of subapical 
initials, (3) an underlying zone of central 
mother cells, and (4) a pith rib meristem.! 


1. The surface initiation and subapical initial 
zones have generally been described as an apical 
initiation zone. In the light of the tendency to 
stratify the surface cells in Taxodium and the 
production of a tunica in Araucaria, Ephedra, 
and Gnetum, it has been thought best to retain 
the surface initials and subapical initials as 
separate zones, thereby bringing the cycads and 
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The extent of the initiation zone 
depends upon the size of the apex. In 
young plants of Zamia integrifolia there 


are about a dozen cells, in large plants | 


50 to 100, and a much higher number in 
the blunt tipped apices of Cycas revoluta 
and Microcycas. These initials divide 
by the insertion of anticlinal, periclinal, 
and oblique walls, and are the ultimate 
source of all the cells of the apex ( Fig. 
4 Baa) 


The subapical initials originate from | 
derivatives of the surface initials ( Fig. 
The zone is built up by peri- © 


4B, sav). 
clinal, anticlinal, and oblique divisions in 
these derivatives. Periclinal divisions tend 
to predominate and give a somewhat 
irregular vertical alignment of cells which 
converge toward the central mother cell 
zone. This feature is especially cons- 
picuous in Cycas revoluta, Dioon edule, and 
Microcycas and in large specimens of 
Zamia. In Microcycas the files are de- 
flected at the top by anticlinal and oblique 
divisions, which in longitudinal view 
produces a conspicuous fan-like appear- 
ance. 


Ginkgo in line with the higher gymnosperms. 
Also, the term peripheral zone has been re- 
placed by flanking zone —a slightly more 
descriptive term in those forms where the 
central mother cell zone is rejuvenated at the 
periphery and thereby contributes derivatives 
to both the flanking zone and the underlying 
tissues. 


Fics. 1-8 — si, superficial initial zone; sai, 
subapical initiation zone; cms, central mother 
cell zone; f, flanking zone; rm, pith rib meristem; 
t, tunica. Figs. 1-4, Zamia silvicola. Fig. 1, dia- 
gram of shoot apex showing zonation: 1, super- 
ficial initiation zone; 2, subapical initiation 
zone; 3, central ınother cell zone; 4, flanking 
zone; and 5, pith rib meristem. Fig. 2 A, 
detail through edge of zones 3 and 5 at A} 
showing highly vacuolate central mother cells 
cmc, and pith rib meristem ym originating 
from the periphery of the central mother cell 
zone. X400. Fig. 3 C, detail of zone 4 at C1, 
note that the cells are arranged in rows at right 
angles to the surface of the apex; this is a 
prominent feature in cycads. x400. Fig. 4 B, 
detail of zones 1 and 2 and the edge of zone 3, 
note periclinal walls in superficial initials, si, 
alignment in subapical initial zone and highly 
vacuolate central mother cells. x400. Fig. 5. 
Podocarpus longifolia. Longitudinal section 
through apex, note periclinal walls in superficial 


—— || 
initials st, subapical initials sai pith rib meris- 
tem vm, and few periclinal (to sides of apex ) 
walls in flanking zone f, as compared to number 
seen in cycads, Fig. 3 C above. 370. Fig. 6, 
Gnetum gnemon. Longitudinal section through 
major axis of apex near maximum size, showing 
the superficial layer as a discrete tunica {, and 
a few files of pith rib meristem below the central | 
mother cell zone cmc. x370. Fig. 7, Ginkgo, 
biloba. Median longitudinal 


apex of short shoot. Note general similarity| 


to zonation in Zamia, Figs. 1-4, but differing inf 


rapid incorporation of periclinal derivatives! 
from surface initiation zone si, into central 
mother cell zone cmc, and fewer periclinal walls 
nn zone f. Redrawn from Foster, 1938.) 
x 217. 
longitudinal section through apex, note periclinal 
walls in superficial initials si, layering parallel 
to sides of apex in flanking zone f, and earl 
maturation of pith without the development of 
pith rib meristem. x 370. 


section through) 


Fig. 8, Chamaecyparis pisifera. Median!} 
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The central mother cell zone is roughly 
spherical, obovoid, cylindrical, or, as in 
Microcycas, fan shaped in longitudinal 
section. It is generally composed of 
large, highly vacuolate cells with thickened 
walls bearing well-developed pit fields. 
Division is sporadic and in all planes, 
thus increasing the zone in volume. Ir- 
regular blocks of cells are often enclosed 
within the wall of an original mother cell. 
In Cycas revoluta and Microcycas, files of 
cells are more frequent than irregular 
blocks. The extensive vacuolation and 
deposition of wall material would suggest 
that metabolic activity in the central 
mother cell zone favours carbohydrate 
accumulation more than in the surround- 
ing zones. This seems to be accompanied 
by an interruption of mitotic activity for 
a time, but it is resumed at the periphery 
of the zone where the large vacuoles and 
wall thickenings largely disappear. This 
resumption of activity contributes to the 
flanking zone and the underlying pith rib 
meristem. 

The pith rib meristem, although show- 
ing considerable variation in extent, is 
present in all investigated cycads, and 
ultimately gives rise to the massive pith 
so characteristic of the stem (Fig. 2 A, 
ym). In Cycas revoluta, because of the 
files of cells in the central mother cell 
zone, no sharp boundary can be distin- 
guished between the central mother cells 
and the pith rib meristem. 

The flanking zone is separable into an 
inner and outer portion. The latter is 
composed of relatively small, thin-walled, 
deeply staining cells which have originated 
from the surface and subapical initiation 
zones, and also from periclinal divisions 
in the surface cells on the flanks of the 
apical zone. The superficial cells and 
their derivatives produce files of daugh- 
ters oriented at right angles to the surface 
(Fig. 3C). The inner portion of the 
flanking zone has its origin from the sides 
of the central mother cell zone and tends 
to radiate from it. The cell pattern may 
be complicated by divisions oriented at 
random throughout the flanking tissue, 
but growth is definitely centrifugal. Epi- 
dermis, leaf primordia, cortex, procam- 
bium and possibly some of the pith origi- 
nate in the flanking zone. 
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Ginkgoales 


The shoot apex of Ginkgo biloba has 
been studied by a number of investigators 
in embryos, seedlings, and adult plants 
( Strasburger, 1872; Fankhouser, 1882 ; 
Solms-Laubach, 1884 ; Lyon, 1904 ; Spre- 
cher, 1907). Foster, in 1938, from a 
comprehensive investigation on the apex 
of both long and short shoots, described 
a type of zonation totally different from 
anything known in the literature of vas- 
cular plants at that time. Later, this 
work which focused the attention of 
histologists anew on the apex of gymno- 
sperms, was confirmed by Gunckel and 
Wetmore ( 1946 ). 

The apex in Ginkgo is a low dome 
averaging 23-34u in height and 206- 
350u in diameter (Fig. 7). There is 
little change in size during foliage leaf 
and bud scale-forming periods. Structur- 
ally there are five zones reminiscent of 
those in cycads, viz. a superficial initia- 
tion zone, a zone of subapical initials, 
a zone of central mother cells, a rib meris- 
tem, and a zone of flanking tissue. 

The superficial initiation zone occupies 
the summit of the apex and consists of 
from four to about a dozen cells which 
divide by periclinal, anticlinal, and oblique 
walls (Fig. 7, sz). 

In the subapical initials there is no 
regular sequence in plane of division, 
consequently the cellular pattern is 
highly irregular. Derivatives are contri- 
buted to the flanking zone and the central 
mother cell zone. Foster combined the 
superficial initiating and subapical zones 
as described here into a single zone and 
designated it the apical initial group. 

The central mother cell zone ( Fig. 7, 
cmc ) is a cup-shaped core containing the 
largest cells in the apex, often with dimen- 
sions two or three times those of their 
neighbours, Conspicuous vacuolation, 
lowered mitotic activity, complex pattern 
of blocks and short tiers of cells, and 
thickened primary walls with primary pit 
fields are found here as in the cycads. 
The edge of the zone is continually being 
rejuvenated, and through periclinal and 
oblique divisions adds to the flanking zone 
and provides new initials for the pith rib 
meristem, 
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The pith rib meristem is a well-marked 
zone interpolated between the central 
mother cell zone and the maturing pith 
(Fig. 7, rm). Divisions anticlinal or 
oblique to the summit of the apex initiate 
new files of daughter cells. The produc- 
tion of short and long shoots is associated 
with the duration of mitotic activity in 
the rib meristem. In short shoots the 
period of activity is of brief duration, but 
in long shoots it continues over a much 
longer period. 

The cells in the flanking zone are some- 
what smaller and stain more readily than 
those at the summit of the apex ( Fig. 7, 
f). Divisions appear to be predominantly 
anticlinal, although periclinal divisions 
may occur at any level. Comparatively, 
the zone is shallower and with a much 
simpler cellular pattern than in cycads. 
Epidermis, leaf primordia, cortex and 
procambium arise here. 


Pinaceae 


The apices of the following genera have 
been studied: Abies ( Pfitzer, 1872 ; Kor- 
schelt, 1884; Groom, 1885; Karsten, 1886 ; 
Koch, 1891 ; Lewis and Dowding, 1924 ; 
Korody, 1937; Foster, 1939b), Cedrus 
( Koch, 1891 ), Larix ( Koch, 1891 ; Lewis 
and Dowding, 1924), Picea ( Pfitzer, 
1872; Dingler, 1882; Korschelt, 1884 ; 
Douliot, 1890; Koch, 1891 ; Lewis and 
Dowding, 1924; Korody, 1937), Pinus 
( Hofmeister, 1857; Strasburger, 1872; 
Nägeli, 1878; Dingler, 1882; Groom, 1885; 
Douliot, 1890; Koch, 1891 ; Lewis and 
Dowding, 1924; Korody, 1937 ), Pseudot- 
suga (Lewis and Dowding, 1924; Allen, 
1947a, 1947b ; Sterling, 1946), and Tsuga 
(Koch, 1891). Two genera, Keteleeria 
and Pseudolarix, remain to be investi- 
gated. 

The apex varies in shape from a low 
mound to a high dome or cone ( Fig. 14). 
The following measurements in terms of 
height and diameter respectively are on 
record: Larix decidua 200 by 130u, 
Cedrus libani, Pinus strobus, and P. 
silvestris 180%. by 310u, Abies concolor 
45u by 160w at end of bud expansion, 
80u by 240 at end of bud scale forma- 
tion, 180u by 310% immediately before 
leaf formation, and 70u by 210u at end 
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of leaf formation period. These measure- 
ments for Abies concolor ( Korody, 1937 ) 
show the range in variation during the 
seasonal growth cycle. Pseudotsuga ( Ster- 
ling, 1946 ) follows a similar cycle as many 
other genera of the family, although 
Korody (1937) found that the apex of 
Pinus montana retained the same size and 
conical shape throughout the year. 

Koch in 1891 described the apex in the 
Pinaceae as consisting of two sharply 
marked zones: (1) a mantle of relatively 
small, actively dividing cells surrounding 
(2) a rapidly vacuolating and maturing 
core of pith. Both mantle and core were 
traceable to a relatively small group of 
mother cells at the summit of the apex. 
It would seem, in the light of recent 
studies on Abies ( Foster, 1939b ), Picea 
( Korody, 1937) and Pseudotsuga ( Ster- 
ling, 1946 ), that the apex should be inter- 
preted as having four zones: (1) a super- 
ficial zone of initiation, (2) a zone of sub- 
apical mother cells, (3) a pith rib meristem 
or pith mother cells, and (4) a zone of 
flanking tissue. 

The cells in the superficial initiation 
zone are somewhat larger, especially in 
depth, than those in the outer layer of the 
flanking zone (Fig. 14, sz). Divisions 
are anticlinal, periclinal, or oblique, with 
derivatives being added to the mother 
cells beneath and to the flanking tissue. 

The subapical initiation zone is rela- 
tively small, and often poorly defined, but 
consistently stains less darkly than the 
surrounding cells ( Fig. 14, saz). It con- 
tributes to the flanking zone and to the 
pith rib meristem. 

The flanking tissue is composed of 
relatively small cells which stain heavily, 
divide frequently and, though showing 
considerable variation in arrangement, 
generally are in layers paralleling the 
surface of the apex (Fig. 14, f). Leaf 
primordia, epidermis, cortex, and vascular 
tissue arise from this zone. 

The pith rib meristem (Fig. 14, rm) 
may be strongly developed just before 
the production of foliage leaves or it may 
be restricted to a few short files of cells, 
or, perhaps, may be absent during periods 
of dormancy. 

According to Sterling ( 1946 ), the zona- 
tion in the apex of Pseudotsuga is slightly 
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different from that outlined above. He 
finds the usual superficial and subapical 
initiation zones and in addition a central 
mother cell zone and a zone of eumeristem 
underlaid with pith mother cells. The 
central mother cells are characterized by 
their large size, vacuolation, and inter- 
stitial wall thickenings; during the period 
of leaf initiation these characteristics are 
intensified so that the zone has a truly 
“ ginkgoid ”” appearance. The eumeris- 
tem flanks and underlies the central 
mother cells; it, therefore, includes what 
has heretofore been referred to as the 
flanking zone and, in addition, the tissue 
immediately below the central mother cell 
zone. He states that: ‘ A zone of eume- 
ristem is produced from the central mother 
cells, giving rise peripherally to leaf pri- 
mordia, cortex, procambium, and epi- 
dermis and basally to the pith mother 
cells.” In the dormant bud this eumeris- 
tem may be only a few cells in thickness; 
however, during leaf initiation it is in- 
creased to thirty cells in depth. It is not 
until the following year, when the bud 
expands, that the pith mother cells 
elongate and initiate the pith rib meristem 
which soon extends throughout the length 
of the growing shoot below the level of 
the apex. The wisdom of re-introducing 
. the term eumeristem, with its connotation 
of “true meristem ” and which is no 
longer emphasized in our most recent 
texts in plant anatomy (Eames and 
MacDaniels, 1947 : Foster, 1949; Stover, 
1951), seems questionable. This zone, 
judging from Sterling’s Fig. 18 (1946), 
has the appearance of a rib meristem, and 
following the lead of Allen ( 1947a, 1947b ) 


it would seem that rib meristem would 
be an appropriate term for it. 

The apex of the embryo has been 
described for Abies ( Hutchinson, 1924 ), 
Larix ( Schopf, 1943 ), Pseudotsuga ( Allen, 
1947a, 1947b ), and Pinus ( Spurr, 1949 ). 
In the first three genera the apical cone 
shows little, if any, zonation and contri- 
butes nothing to the growth of the embryo. 
Spurr (1949), however, interprets the 
hypocotylaxis end of the embryo of Pinus 
strobus as equivalent to the adult shoot 
apex and accordingly regards the cotyle- 
dons as having arisen from the apex. In 
Pseudotsuga the subapicals initial are 
established in month old seedlings and an 
apex structurally resembling that of adult 
plants during the period of shoot elonga- 
tion is evident in 3 to 4 months. Peri- 
clinal divisions may occur throughout the 
superficial layer. The seedling apex in 
Pseudotsuga represents an intermediate 
stage between the simple apex of the 
embryo and the complex zoned one of the 
tree. 

Clearly, there are two types of growth 
sequence in the apex of the Pinaceae. 
In the one, seen to good advantage in 
Abies ( Korody, 1937) and Pseudotsuga 
( Sterling, 1946 ), the apex grows sporadi- 
cally in a seasonal cycle which is reflected 
not only in the size of the apex but in the 
structure, extent, and degree of discrete- 
ness of the various zones and in their 
contribution to the growth of the shoot. 
Apparently the apex is least complex 
during the period of bud expansion; the 
zones, though small, are still recognizable 
but make little contribution to the growth 
of the shoot. Immediately before bud 
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Fics. 9-15 — si, superficial initial zone; sat, 
subapical initial zone; pmc, pith mother cells, 
f, flanking zone; f, tunica; vm, pith rib meris- 
tem. Fig. 9, Torreya californica. Median longi- 
tudinal section through apex at end of the period 
of bud scale formation, compare with Fig. 10 
showing comparable section at end of resting 
period. Note increase in size of apex, especially 
in flanking zone, f. Redrawn from Kemp, 1943. 
x180. Fig. 11, Sequoia sempervirens. Diagram 
showing zonation of shoot in longitudinal sec- 
tion: 1, zone of apical initials; 2, central mother 
cell zone; 3, eumeristem; 4, pith mother cells; 
5, rib meristem; and 6, zone of transverse expan- 
sion. Redrawn from Sterling, 1945. Fig. 12, 


Taxodium distichum. Median longitudinal sec- 
tion through apex of expanding permanent shoot. 

NoTE — discrete tunica /, subapical initials 
sai, from which the remainder of the corpus is 
derived, and prominent pith mother cells pc. 
Redrawn from Cross, 1939. x330. Fig. 13, 
Cryptomeria japonica. Median longitudinal sec- 
tion, through apex, compare with condition in 
Chamaecyparis pisifera, Fig. 8, Redrawn from 
Cross, 1941, x330. Fig. 14, Abies concolor. 
Median longitudinal section through apex. 
Redrawn from Korody, 1937. Fig. 15, Ephedra 
altissima. Median longitudinal section through 
apex of permanent shoot, note discrete tunica f. 
Original. x 370. 
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scale initiation and again before leaf 
initiation there is an increase in mitotic 
activity, with the apical cone more than 
doubling in size. The subapical mother 
cells become very prominent, periclinal 
divisions may occur at any level in the 
superficial layer, the files of pith rib 
meristem increase in length and number, 
and the flanking zone is greatly thickened, 
particularly where new bud scales or leaf 
primordia are to arise. The second type 
of growth sequence is exemplified by 
Pinus (Korody, 1937) where there is 
little change in size or zonation during the 
vear other than that associated with a 
change from maximum to minimum 
apical volume which occurs when a lateral 
primordium is elevated. 


Araucariceae 


Strasburger, in 1872, interpreted the 
apex of Araucaria brasiliana, A. cunning- 
hamia and Damara ( Agathis) as having 
a discrete protoderm and a two-layered 
periblem surrounding a discrete plerome. 
Karsten (1886), on the other hand, 
found that the surface layer was not 
discrete. Recently Griffith (1950) has 
confirmed the first of Strasburger’s obser- 
vations (only two out of two hundred 
apices showed a periclinal division in the 
surface layer at the summit of the apex 
and these were in actively growing shoots ) 
but has shown that the tunica-corpus 
concept as applied to angiosperms is 
descriptive of the organization in Arau- 
caria. The tunica consists of two discrete 
layers in A. araucana and A. bidwillii 
with pronounced stratification in the 
underlying tissue at times, and of a single 
layer in A. excelsa and A. cunninghamia. 
A zone of central mother cells, which is 
not as distinct as in Cycas, Zamia, Ginkgo, 
Sequoia, or Pseudotsuga, contributes to 
the flanking zone of the corpus and to the 
underlying pith rib meristem. Divisions 
in the flanking zone are largely anticlinal. 
Procambium is formed high in the apical 
cone before there is evidence of leaf 
initiation. 

California specimens do not go through 
an annual growth cycle nor is there an 
absolute period of dormancy. The apex 
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has the shape of a rounded cone when 
growth is most active. 

Griffith is at present investigating the 
apex of Agathıs. 


Sciadopitaceae 


This family consists of the single genus, 
Sciadopitys. Our knowledge of the apex 
is limited to Strasburger’s ( 1872 ) account 
and to his drawing showing a longitudinal 
section through a terminal bud. He 
states that the protoderm is distinct 
except on the flanks of the apex during 
leaf initiation. His Fig. 14, Plate 23, 
shows two discrete layers at the summit 
of the apex and what could be interpreted 
as a zone of subapical mother cells which 
appear to contribute to a flanking zone 
and to a pith rib meristem. Further 
study will be necessary before Sciadopitys 
should be assigned to that small group of 
gymnosperms with tunica-corpus apical 
structure; however, present evidence in- 
dicates a discrete tunica may have been 
attained. 


Taxodiaceae 


The apex has been investigated in all 
genera of the family except Gly ptostrobus. 
The literature contains the following 
accounts: Athrotaxis (Cross, 1943b), 
Cryptomeria ( Strasburger, 1872; Cross, 
1941 ), Cunninghamia ( Strasburger, 1872 ; 
Cross, 1942), Metasequoia (Sterling, 
1949b ), Sequoia ( Strasburger, 1872 ; Dou- 
liot, 1890 ; Buchholz, 1938 ; Crafts, 1943 ; 
Cross 1943a ; Sterling, 1945), and Taxo- 
dium ( Strasburger, 1872 ; Groom, 1885 ; 
Karsten, 1886; Douliot, 1890; Cross, 
1939 ; Sterling, 1945 ). 

The apex varies from conical to hemis- 
pherical in shape ( Figs. 11, 12). Little 
information is available on variation in 
size and shape within the various species 
studied. Cross (1941) found that the 
apical cone in Cryptomeria is higher 
during active growth in spring than in 
dormant buds during the winter, and that 
leading shoots in Sequoia ( Cross, 1943a ) 
are smaller than those from lateral 
branches of the same shoot. Sterling 
(1945) was unable to detect either 
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changes in size or morphology in Sequoia 
during the year. According to Buchholz 
( 1938 ), the terminal meristems of leaders 
and small lateral branches from young 
trees of Sequoia are broader than those 
from comparable branches of old trees. 
The following measurements, in height 
and diameter respectively, are on record: 
Cryptomeria japonica 85-106 u. by 70-100 u, 
Taxodium distichum 80-100 u by 140-170 u, 
Cunninghamia lanceolata 80u by 130 u 
during active spring growth, Sequoia 
( young trees ) 110 u by 220 u, Sequoiaden- 
dron ( young trees ) 45 u by 140 u, Athro- 
taxus selaginoides 65 u by 120 u, and Tia- 
wania cryptomerioides 90 p by 160. 

Cross, who has been the chief student 
of the Taxodiacea, has described a cellular 
pattern with a high degree of constancy 
in major features throughout the family. 
Topographically there are four zones: 
(1) a self-perpetuating group of surface 
initials, (2) a relatively small group of 
subapical initials, (3) a mantle of flanking 
tissue, and (4) a core of pith mother cells 
@Eies.,12,.13). 

According to Cross (1943a, 1943b ), 
periclinal divisions in the surface layer at 
the summit of the apex are an almost 
constant feature in Cunninghamia, Athro- 
taxis, Taivania, Sequoia, and Sequoiaden- 
dron, but occur sparingly in Cryptomeria and 
appear to be absent at this level in perma- 
nent shoots of Taxodium ( Fig. 12) — al- 
though 50 per cent of the deciduous shoots 
have them. Thus, in respect to discrete- 
ness of the surface layer at the summit of 
the apex, the gap between gymnosperms 
and angiosperms has been bridged in a 
single species. 

The subapical initial zone is not always 
sharply distinct but can be recognized by 
position, isodiametric shape of the cells, 
and irregular plane of division. In 
Sequoia this zone is made conspicuous 
by increase in cell size, prominent 
vacuolation, thickened walls, primary 
pit fields, and a reduction in mitotic act- 
ivity (Cross, 1943a ; Sterling, 1945), re- 
calling the central mother cell zone of 
Ginkgo. 

The flanking zone is similar to that in 
the Pinaceae with perhaps a greater 
tendency towards stratification into layers 
parallel to the sides of the apex. In 
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Cunninghamia the boundary between the 
pith mother cells and the inner portion 
of the flanking zone is indistinct as com- 
pared to the discreteness seen in other 
investigated genera of the family. There 
has been considerable discussion in recent 
literature in regard to the discrete- 
ness of the surface layer on the 
flanks of the apex. Cross (1943b) says 
that: “ The presence of a protoderm on 
the flanks and lower shoulders of the 
apical meristem has been demonstrated 
for each of the investigated species of the 
Taxodiaceae’’, although he admits that 
occasional periclines may occur in this 
layer. Subsequently Sterling (1945) re- 
investigated the apex of Sequoia and came 
to the conclusion that “ ... periclinal and 
oblique walls are abundant enough on the 
flanks of the (apical) zone to invalidate 
the idea that a discrete ‘ protoderm ’ 
exists in this species ” 

In most genera of the family the matur- 
ing pith may be only a few cells beneath 
the surface layer or with only a few short 
tiers of cells between it and the surface. 
Such intervening cells are generally con- 
sidered to be pith initials and not a pith 
rib meristem, although the difference may 
be little more than one of degree. This 
early maturation of the pith in conifers 
is quite common and has long been re- 
marked upon; however, in Cunninghamia 
(Cross, 1942) and in Sequoia ( Cross, 
1943a ; Sterling, 1945) there may be a 
considerable delay in maturation of the 
pith. In the latter genus an extensive 
rib meristem develops in actively growing 
shoots (Fig. 11 ).? 

Considerable interest has centred around 
the recently discovered Metasequora glyp- 
tostroboides. Sterling ( 1949b ) reports that 
“ The structure of the shoot apex of the 
dormant bud resembles that of other 
conifers in its ‘ mantle’ and ‘ core ’ zona- 
tion. The superficial layer is discon- 
tinuous, being interrupted by scattered 
periclinal walls throughout ”. 


2. Sterling (1945) designates the flanking 
zone and a zone from one to five cells in depth 
beneath the subapical initials as a eumeristem 
(Fig. 11, zone 3) in Sequoia. In leading 
shoots the eumeristem contributes pith mother 
cells from which the extensive rib meristem is 
derived. 
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Cupressaceae 


The apex in this family has been 
studied in only three genera: Cupressus 
( Strasburger, 1872 ; Karsten, 1886 ), Juni- 
perus (Groom, 1885; Koch, 1891) and 
Thuja (Koch, 1891). Seven genera: 
Actinostrobus,  Callitris, Chamaecybaris, 
Fitzroya, Libocedrus, Thujopsis, and Wid- 
dringtonia await detailed study. 

The apex is conical in shape, frequently 
with high, steep sides. That of Juniperus 
communis has been reported as 120 u high 
and 180 u in diameter, and that of Thwa 
occidentalis 130 u high and 130: in dia- 
meter. 

The surface layer is not discrete 
( Fig. 8), although evidence as to the fre- 
quency of periclinal divisions at either the 
summit or the flanks of the apex is not 
available. There is a small group of sub- 
apical mother cells recognizable by position 
in the apex and irregularity in plane of 
division (Fig. 8, sai). The flanking tissue, 
some three or four cells in depth, is derived 
from the apical initials and the subapical 
mother cells; divisions are largely at right 
angles to the sides of the apex which 
results in a rather well-stratified cellular 
pattern. There is a small pith mother cell 
zone from which the pith early differentia- 
tes; a pith rib meristemis apparently absent 
( Fig. 8). Experience from other families 
would indicate that it might be worth 
while to check this feature in strong lead- 
ing shoots. The general organization of the 
apex as presented here was verified from a 
routine series of preparations of Chamaecy- 
paris pacifera in the author’s laboratory 
(Big. 81). 


Pherosphaeraceae 


This family consists of the Tasmanian 
genus, Pherosphaera. The structure of the 
apex is unknown. 


Cephalotaxaceae 


Two genera, Cephalotaxus and Amento- 
laxus, comprise the family. The apex of 
Cephalotaxus pedunculata is a low dome 
measuring 200 u. in height by 420u in 
diameter. According to Koch’s descrip- 
tion and figures ( 1891), there is a small 


PHYTOMORPHOLOGY 


[ December 


group of apical initials which contribute 
by periclinal and anticlinal divisions to 
the subapical initials and to the usual 
flanking zone. Beneath the subapical 
initials there is a large zone of irregularly 
arranged cells which contributes to the 
maturing pith and possibly to the inner 
portion of the flanking tissue. Two 
points should be clarified: first, would 
modern histological technique show this 
central zone to be equivalent to the central 
mother cell zone of cycads and Ginkgo, 
and second, is there a pith rib meristem 
in strong leading shoots ? 


Taxaceae 


The structure of the apex of Taxus 
( Strasburger, 1872; Koch, 1891) and 
especially of Torreya ( Douliot, 1890; 
Kemp, 1943 ) is well known, but nothing 
is available on that of Austrotaxus. 

Kemp (1943), in a very thorough 
study, has shown that the apex of Torreya 
californica undergoes seasonal changes 
which are clearly reflected in its size, 
shape, and structure (Figs. 9, 10). 
During the resting period, November to 
late February (California), the apex is 
a low dome with an average dimension 
of 65u in height and 195 u in diameter 
and has occasional periclinal divisions 
throughout the surface layer. Several 
large apical initials occupy the summit 
at this time (Fig. 10, st). They are 
underlaid with a zone of light staining 
initials, irregularly arranged into two or 
three tiers of cells with conspicuous corner 
thickenings ( Fig. 10, sai). There is the 
usual flanking zone and a broad central 
core from which the pith differentiates. 

During the period of bud expansion in 
March, the apex is relatively small, 
measuring 38u in height and 116u in 
diameter. Zonal structure is similar to 
that of the resting stage but with the 
difference that the zones are smaller and 
contain fewer cells. 


take place. First, in April, the apex 
increases up to 153 u in height and 258 u 
in diameter but with periclinal divisions 
in the superficial layer limited to the 
summit only. Second, from May to June 


During the initiation | 
and development of the new terminal 
bud for the next year, important changes | 
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when bud scales are being initiated the 
apex is 1524 in height and 2374 in 
diameter; periclines are now numerous 
in the surface layer but only at the summit 
of the apex. Third, during July, in the 
interval preceding leaf formation the apex 
increases to 195 u in height and 326 u in 
diameter, periclines in the surface layer 
are as in the preceding period (Fig. 9). 
Fourth, from August to October, during 
the period of leaf formation a further 
increase to 237 „in height and 364 u in 
diameter is attained with periclines in the 
surface layer as in the preceding period. 
And fifth, in November, when leaf for- 
mation is complete, the apex is 105 u. in 
height and 225 u in diameter, and now 
periclinal divisions occur occasionally 
throughout the superficial layer. 

During the increase in size of the apex, 
there is a corresponding increase in the 
breadth of the central and flanking zones 
(Figs. 9, 10). Also, at this time, the 
surface layer of the flanks attains the 
status of a protoderm. Zonation is 
clearest when appendages are being ini- 
tiated. As the dormant period approaches, 
more and more of the apex is incorporat- 
ed into leaf primordia and axis, and it re- 
turns to the shape, size, and organiza- 
tion of the dormant shoot of the previous 
November. 

The zonation in the apex of Taxus 
(Koch, 1891) is similar to that of 
Torreya, although the apex is somewhat 
smaller. It averages 150 u in height by 
253 u in diameter. 

The general organization of the apex 
in the Taxaceae, with the exception of 
Sequoia and Pseudotsuga, is similar to that 
of the Taxodiaceae and Pinaceae. 


Saxegothaeaceae 


There are two genera in the family, 
Saxegothaea and Microcachrys. According 
to Strasburger ( 1872), Saxegothaea has a 
distinct protoderm, a two-layered periblem 
and several plerome initials. He recog- 
nized certain modifications, such as an 
occasional periclinal division in the ” pro- 
toderm ”’ and instances when the separa- 
tion between periblem and plerome was 

not complete. 
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Podocarpaceae 


The family is made up of four genera: 
Acmopyle, Dacrydium, Phyllocladus, and 
Podocarpus. A detailed investigation on 
the structure of the apex has not been 
made for any member of the family. 
Strasburger (1872) included Podocarpus 
with those gymnosperms possessing a 
protoderm, a double-layered periblem, 
and a distinct plerome. He qualified 
this statement by admitting that the 
“ protoderm ” was not always discrete 
and that the periblem and plerome could 
not always be separated beneath the 
summit of the apex. Drawings were not 
included to support his account. Ten 
apices of Podocarpus longifolia sectioned 
by the author from greenhouse material 
show a superficial initiation zone, a zone 
of subapical initials, a flanking zone and 
a pith rib meristem. Periclinal divisions 
are frequent in the superficial initiation 
zone (Fig. 5). The apex is broadly 
dome-shaped; the dimensions from five 
apices averaged 224u in diameter by 
113 u in height. Additional material is 
being collected in the hope that a detailed 
study can be completed in the near future. 


Ephedraceae 


Ephedra has long been recognized as a 
highly specialized gymnosperm and con- 
siderable attention has been devoted to 
the structure of the shoot apex ( Stras- 
burger, 1872; Schmitz, 1874; Dingler, 
1882, 1886: Korschelt, 1884; Groom, 
1885: Karsten, 1886; Koch, 1891; Schwen- 
dener, 1879, 1885 ; Gifford, 1943). This 
account is based upon the work of Gifford. 
The apices of forty vigorous, permanent 
shoots measured on the average 80 in 
height and 180 u in diameter, while those 
from deciduous branches averaged 75 u. in 
height and 110 u in diameter. The 
surface layer of the apex is discrete and 
is considered to be a tunica in the true 
sense of the word (Fig. 15). One peri- 
clinal division was found at the summit 
of the apex in the forty vigorous, perma- 
nent buds studied but none was observed 
in thirty deciduous shoots. The summit 
of the corpus is occupied by two or more 
tiers of subapical initials From these 
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the flanks of the corpus are derived and a 
shallow underlying zone of pith mother 
cells. Anticlinal division apparently pre- 
dominates in the flanks, although peri- 
clinal and oblique walls are also found. 
Vacuolation is developed early in both 
the pith mother cells and their derivatives. 
A pith rib meristem may or may not be 
present; when present, it is generally 
poorly developed. 


Gnetaceae 


Few investigations have been made 
upon the apex of Gnetum ( Bower, 1882; 
Haining, 1920; Pearson, 1929 ; Johnson, 
1950). Bower considered the superficial 
layer in the apex of old plants to be 
discrete, but reported it to be interrupted 
by periclinal divisions in seedlings. Hain- 
ing found the surface layer to be discrete 
in the embryo when cotyledons, hypo- 
cotyl, and apex were established. The 
following description is based upon the 
author’s paper on Gnetum gnemon ( John- 
son, 1950). The surface layer of the 
apex is discrete at the summit of the apical 
cone but may show an occasional peri- 
clinal division on the flanks in addition 
to those associated with the formation of 
foliar buttresses. This layer is considered 
to be a tunica ( Fig. 6). Zonation in the 
corpus is suggestive of that in cycads and 
Ginkgo. There is a sub-apical initiation 
zone and a zone of central mother cells 
underlaid with a shallow rib meristem. 
The flanking zone of the corpus is derived 
in the usual manner from the central 
zones (Fig. 6). Considerable variation 
occurs within the central mother cell zone. 
Division may be in any plane or with 
periclinal (to the summit of the apex) 
predominating over anticlinal. Irregular 
blocks of daughter cells may be enclosed 
in the wall of the original mother cell 
although this is not a constant feature. 
Vacuoles may be large and very conspi- 
cuous but this is not always true. 

At minimum volume the rib meristem 
may be absent above the first node. 
However, as the apex builds up to maxi- 
mum volume, a rib meristem is developed 
but it is soon interrupted by radial enlarge- 
ment and divisions anticlinal to the 
summit of the apex. Later the pith rib 
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meristem is reconstituted in the first 
internode. 

The leaves of Gnetum are decussate and 
the apex, as in other opposite leaved 
plants, undergoes a rhythmical change in 
size from minimum to maximum and back 
to minimum volume which is correlated 
with the initiation and growth of the 
foliar buttresses and their leaf primordia. 
With the elevation of a pair of foliar 
primordia the apex passes from maximum 
to minimum volume The apex is a 
blunt cone with an elliptical base. The 
tip, in transverse section, may be either 
elliptical or circular. Measurements made 
on the apices at maximum volume, 
immediately preceding the elevation of 
the leaf primordia, gave the following 
average dimensions; height 83 u, diameter 
of major axis of the elliptical base 211 u 
and of the minor axis 155 u. With the 
change from maximum to minimum 
volume the dimensions of the apex are 
reduced by one-half their former size. 


Welwitschiaceae 


The shoot apex of Welwitschia is unique 
among gymnosperms in that it produces 
only a single pair of opposite leaves 
during the long life of the plant. Practi- 
cally nothing is known about the organi- 
zation of the apex. Bower ( 1881 ) states 
that “ In longitudinal sections the epi- 
dermis does not appear as a regular layer 
covering the apical cone”’. Furthermore 
he found the cellular arrangement within 
the apex to be similar to that of the 


conifers and to present no point of special 
interest. 


Discussion 


While it is important and essential to 
know the structural changes which occur 
in strict sequence in the growth of a tissue | 
or in the growth of axis and appendages, 
morphological studies as reviewed in this 
paper are of utmost value when they give 
clues to the physiological processes under- 
lying growth. The remarkable zonation 
in the gymnospermous apex suggests that 
a variety of physiological factors are at 
work here which are reflected in cell size, 
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plane and relative rate of division, and 
reaction to histological stains. The pat- 
terns of organization in the apices of 
vascular plants are of interest in them- 
selves, but it must not be forgotten that 
they all produce axis and appendages 
showing greater similarities than differ- 
ences in final structure. Probably, as 
Schoute (1913) has suggested, there are 
fields of force in operation in the apical 
meristem and its derivatives that are 
responsible for phyllotaxis and the dif- 
ferentiation of tissue patterns seen in both 
axis and appendages. Fundamentally the 
apex has a central, self-perpetuating 
region in which differentiation is held to 
a minimum or in which partly differen- 
tiated cells are rejuvenated and regain 
mitotic activity. On the contrary, the 
flanking and underlying derivatives of 
this region are ultimately destined to 
become incorporated into axis and appen- 
dages, i.e. they would seem to occupy an 
area within which chemical, mechanical 
and spatial forces come into full inter-play 
to produce differentiation. Two hypo- 
theses that are proving valuable in 
designing experimental approaches to 
these problems will be briefly mentioned 
for they deserve more attention than they 
have received from morphologists in the 
past. First, the apical meristem may be 
thought of as being foti potent and capable 
of producing axis and appendages when 
isolated from the tissues beneath. The 
self-perpetuating central region may be 
visualized as producing chemical subs- 
tances that diffuse into the surrounding 
regions to establish the initial patterns of 
tissue differentiation. Wardlaw (1949) 
in ferns, and Ball ( 1948) in angiosperms 
and (1950) in gymnosperms, have dis- 
covered important evidence in support 
of this concept. Second, the apex may 
be held to be highly plastic and that an 
interaction of substances from the apex 
and the tissues beneath are responsible 
for initiating the pattern of tissue differen- 
tiation. This concept is supported by 
evidence from Gunckel and Thimann’s 
auxin studies (1949) and by the acro- 
petal development of procambial strands 
into the apex before the leaf primordia, 
which they are destined to supply, have 
arisen ( Gunckel and Wetmore, 1946, in 
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Ginkgo ; Sterling, 1945, in Sequoia ; and 
Griffith, 1950, in Araucaria ). 

The apices of all investigated gymno- 
sperms are similar in possessing a super- 
ficial zone of initiation, a group of sub- 
apical mother cells, and flanking zone. 

The superficial initiation zone is con- 
fined to the summit of the apex and, 
theoretically, is limited to a relatively 
small group of cells as is actually seen in 
the Taxodiaceae and Cupressaceae; pro- 
bably there are never more than three or 
four such cells at the geometric centre of 
the zone, although in cycads many cells 
may serve in the capacity of initials. 
Divisions are periclinal, anticlinal, or 
oblique with the derivatives being in- 
corporated into the surface of the apex 
or the underlying tissues. There seems 
to be a distinct tendency toward the 
elimination of periclinal divisions, al- 
though precise data are not available to 
prove it. However, the great rarity or 
absence of periclinal divisions at the 
summit of the apex in Araucaria, Taxo- 
dium (permanent shoots ), Ephedra, and 
Gnetum would suggest that this may be 
true. 

The subapical initial zone is the largest 
in the cycads, smallest in the Taxodiaceae 
and Cupressaceae, and may be considered 
as part of the central mother cell zone in 
Ginkgo. Derivatives are contributed to 
the flanking and underlying zones. 

The flanking zone is characterized by 
its avidity for histological stains, high 
mitotic activity, and the production of 
epidermis, leaf primordia, cortex and 
procambial strands. There is a tendency 
to restrict divisions periclinal to the 
surface of the apical cone, so that in the 
higher gymnosperms the cellular pattern 
is much simplified with the cells arranged 
in fairly definite layers. In Sequoia and 
Pseudotsuga, Sterling (1945, 1946) des- 
cribes the flanking zone as consisting of 
eumeristem. Little is gained by this, in 
fact Allen’s ( 1947 ) interpretation of this 
zone as rib meristem seems to be entirely 
adequate. 

The pith is generally described as arising 
from either pith mother cells or from a 
pith rib meristem. Pith mother cells are 
generally not distinct from the subapical 
initials although they are somewhat 
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larger and stain less heavily than the cells 
of the flanking zone. Division is both 
periclinal and anticlinal to the summit of 
the apex. The rate of periclinal division 
is important for when it is high, a pith rib 
meristem results, but when low, there is 
no sharp distinction between pith mother 
cells and maturing pith. This latter 
condition is widespread in the Conifero- 
phyta, especially in the Taxodiaceae and 
the Cupressaceae. Here one is impressed 
with the early maturation of the pith 
where in some instances only three or 
four meristematic cells remain between 
it and the surface of the apex. In some 
instances a large number of pith mother 
cells accumulate in the shoot beneath 
the apex. These may mature gradually 
into pith as in Cunninghamia (Cross, 
1942 ) or they may give rise to an active 
pith rib meristem beneath which the 
pith is eventually differentiated as in 
Sequoia (Sterling, 1945) and Pseu- 
dotsuga ( Sterling, 1947). Thus, the term 
“pith mother cells’ has been used to 
cover two conditions; in the former, pith 
matures directly from them, while in the 
latter they produce a pith rib meristem 
from which the pith ultimately arises. 
The cycads, Ginkgo, Gnetum, and Arau- 
caria represent a third condition where 
the pith rib meristem arises from the base 
of the central mother cell zone which 
generally has not been thought of as pith 
mother cells although the term could be 
applied here. 

The central mother cell zone is a dis- 
tinctive feature in the Cycadaceae and 
Ginkgoaceae and is more highly developed 
here than elsewhere in the gymnosperms, 
although a similar region of mother cells 
in Pseudotsuga, Sequoia, Gnetum, and 
Araucarıa invites favourable comparison. 
Attempts have been made to homologize 
this zone with supposedly similar zones in 
both gymnosperms and angiosperms. It 
is doubtful whether sufficient information 
is available for such speculation. However, 
the occurrence of vacuolation high in the 
apex, in the central mother cells in cycads 
and Ginkgo and in the precocious pith of 
the conifers, is widespread throughout 
gymnosperms and may be significant; 
probably the same physiological processes 
are involved here. The loss or reduction 
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of the pith rib meristem together with a 
reduction in anticlinal divisions (to the 
summit of the apex ) in the central mother 
cell zone could yield the pith as seen in the 
conifers. Likewise an increase in anti- 
clinal divisions beneath the subapical 
initial zone in conifers together with the 
development of an underlying pith rib 
meristem would largely duplicate the 
central mother cell zone of cycads and 
Ginkgo. The above must remain as mere 
speculation until more is known about 
possible relationship among the gymno- 
sperms. 

The organization of the apex may be 
of value as corroborative evidence in 
emphasizing possible genetic relationship 
within families. Fundamental structural 
patterns exist in the Cycadaceae, Pina- 
ceae, Taxodiaceae, Cupressaceae, and 
Taxaceae. The transfer of Cephalotaxus 
from the Taxaceae is supported by evi- 
dence from the apex; that of both Taxus 
and Torreya are similar but quite distinct 
from that of Cephalotaxus. 

Four types of terminal meristem emerge 
from a comparative study of the gymno- 
spermous apex, namely: (1) the Cycado- 
phyta type, (2) the Ginkgophyta type, 
(3) the Coniferophyta type, and (4) the 
tunica-corpus type. The trends observed 
in passing from the so-called lower to 
higher gymnosperms are: (1) stratification 
of the surface layer and also in the flank- 
ing zone, (2) the rare occurrence of a 
central mother cell zone above the Ginkgo- 
phyta (Sequoia, Pseudotsuga, Gnetum, 


Araucaria), and (3) a relatively preco- | 


cious development of the pith in most 
members of the Coniferophyta. 


It is of interest to note that the tunica- | 
corpus condition has been attained in 
several families of gymnosperms, although | 


this probably has no bearing on the 
evolution of the angiospermous apex. 
Buder (1928) has suggested that the 
gymnospermous apex be considered as a 
naked corpus. If this view be accepted, 


then the tunica in gymnosperms has been | 
Foster ( 1939a ) | 
has wisely rejected this hypothesis and | 
while tunica and corpus are frequently | 


derived from the corpus. 


not distinct even in the angiosperms, it 
must be remembered that the tunica- 
corpus concept was devised to describe 
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a type of growth and not to categorize 
types of tissue (Schmidt, 1924). In 
gymnosperms the surface cells are largely 
concerned with increase in area otherwise 
they would be ruptured by the enclosed 
zones which are increasing in volume. 
The major difference in this respect 
between gymnosperms and angiosperms 
is that in the former the surface layer not 
only increases in area but adds periclinal 
derivatives to the zones within. It would 
seem best to consider the gymnosperms 
as having an incipient tunica which has 
actually been realized in a few forms to 
the same degree as expressed in angio- 
sperms. 


JOHNSON — THE SHOOT 
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Much critical histological work on the 
gymnospermous apex is urgently needed 
to supplement our knowledge of trends 
in apical development within the group 
and also to provide data upon which 
characteristics of the apex may be 
utilized in phylogenetic arrangements with 
a greater degree of confidence than is at 
present possible. The Sciadopitaceae, 
Cupressaceae, Pherosphaeraceae, Cephalo- 
taxaceae, Saxegothaeaceae and Podocar- 
paceae will repay careful study as will 
Ceratozamia, Stangeria, Macrozamia, Kete- 
leeria, Pseudolarix, Austrotaxis, Welwits- 
chia, and additional species of Ephedra 
and Gnetum. 
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EMBRYOLOGY OF OXYSPORA PANICULATA DC 


K. SUBRAMANYAM 


Department of Botany, Central College, Bangalore, India 


Introduction 


The genus Oxyspora, belonging to the 
family Melastomaceae, is placed by Engler 
and Prantl ( 1898 ) in the tribe Melastoma- 
toideae, sub-tribe Oxysporeae. Hooker 
(1879) reports three species from the 
north-eastern hills of India and the present 
account deals with one of them, QO. 
paniculata DC. The plant is a shrub 
attaining a height of 8 ft., bearing purple 
flowers in cymose showy panicles. The 
material was collected from Darjeeling 
at a height of about 4,000 feet and fixed 
in formalin-acetic-alcohol by Messrs G. 
Ghose and B. A. Razi, who very kindly 
passed it on to me for investigation. 
Dehydration and embedding were done in 
the usual manner. Sections were cut at 
a thickness of 10 to 16 microns and stained 
in Heidenhain’s iron-alum-haematoxylin 
with eosin as a counterstain. 


Flower 


Figs. 1 to 13 are a series of transverse 
sections of a young bud, passing from the 
base to the top, to show the arrangement of 
the floral parts. The flower is pedicellate 
and bracteate (Fig. 1). The tetralocular 
ovary is semi-inferior and the lower portion 
of its wall is completely fused with the 
floral tube ( Figs. 1-5, 14). The ovary is 
continued above into an elongate style 
which terminates in a papillose stigma 
(Fig. 14). The style is oval in transverse 
section ( Figs. 9, 10 ) and encloses a narrow 
stylar canal, surrounded by a transmitting 
tissue of small compactly arranged cells 
with dense contents. 

Eight cavities are found in the floral 
tube. Of these, four are situated opposite 
the sepals ( Figs. 2-4) and four opposite 
the petals ( Figs. 4, 5). In these cavities 
are situated four long and four short sta- 


. tetrads of microspores (Fig. 20). 


mens which are incurved in bud and 
dehisce by apical pores (Fig. 5). The 
long stamens are found opposite the sepals 
and they extend into the cavities of the 
floral tube almost to its base (Fig. 3). 
The anther sacs in each long stamen 
diverge below the base of the connective 
where the filament is attached ( Fig. 15 ). 
The connective of the short stamen is pro- 
longed at the back to form a very charac- 
teristic truncate appendage (Fig. 16). 
The epidermal cells at the apex of the 
appendage are papillose (Fig. 18). On 
reaching the connective of the anther the 
single vascular trace gives out a branch 
passing further up into the appendage and 
ending blindly at its apex ( Fig. 17). 

The four petals take their origin from 
the inner rim of the floral tube ( Fig. 11 ). 
They are free and show a contorted aesti- 
vation (Figs. 12, 13). The four sepals 
which arise from the outer rim are almost 
fused at the base but free above and show 
a valvate aestivation ( Figs. 12, 13). 


Microsporangium and Male 
Gametophyte 


The wall of the young anther is made 
up of four layers of cells: the epidermis, 
endothecium, a middle layer and the 
tapetum (Fig. 19). The endothecium 
does not develop fibrous thickenings. The 
tapetal cells remain uninucleate and are of 
the glandular type ( Fig. 20). 

The sporogenous cells undergo a few 
more divisions and become converted into 
microspore mother cells. These undergo 
the usual reduction divisions and form 
Qua- 
dripartition takes place by furrowing 
( Fig. 21 ) and the microspores are arrang- 
ed tetrahedrally. The mature pollen grain 
is tricolpate with a thick exine and a thin 
intine. At the time of shedding it shows a 


1. Part of work done during the tenure of a Junior Research Fellowship of the National Insti- 


tute of Sciences of India, 


Fics. 1-18 — Figs. 1-13, series of transverse sections of a young flower bud, from the base to 
the top, to show arrangement of floral parts. x 30. Fig. 14, Ls. flower bud to show the disposi- 
tion of floral parts ( semidiagrammatic ): ft, floral tube; ov, ovary; p, petal; s, sepal; st, stamen; | 
sy, style. Figs. 15, 16, long and short stamens with appendage (ap). Fig. 17, Ls. short stamen 
(a, apical pore; ap, appendage of connective; as, anther sac: vt, vascular trace JTE I. 
apex of appendage to show papillose cells. x 129, 
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Fics. 19-23 — Fig. 19, t.s. portion of young 
anther lobe showing wall layers and sporogenous 


cells. X 679. Fig. 20, same at a later stage 
showing uninucleate tapetum and microspore 
tetrads. x 485. Fig. 21, quadripartition of 
microspores by cleavage furrows. x 1405. Fig. 
22, mature pollen grain showing tube nucleus and 
male nuclei. x 955. Fig. 23, a portion of the 
mature anther wall. x 485. 


prominent tube nucleus and two small 
male nuclei ( Fig. 22 ). 

In the mature anther ( Fig. 23 ) the inner 
as well as the outer tangential walls of the 
epidermis become prominently cutinized. 
The endothecium, middle layer and tape- 
tum are more or less crushed. 


Megasporangium and Female 
Gametophyte 


The ovary is superior and tetralocular 
with an indefinite number of anatropous, 
bitegmic, crassinucellate ovules attached 
to radiating axile placentae. In the region 
where it is free from the floral tube the 
wall of the ovary is made up of eight to 
ten layers of cells ( Fig. 24). The cells of 
the innermost layer are larger than those 
of the outer. In the mature fruit they 
develop prominent thickenings on their 
inner and tangential walls (Fig. 25). 
This layer forms the main protective layer 
in the seed. The remaining cells of the 
ovary wall remain thin-walled and almost 
collapse at the mature stage. 

The integumentary initials are formed 
synchronous with the differentiation of 
the archesporium (Fig. 26). Both the 
integuments are initiated almost simul- 
taneously, but the outer usually outgrows 
the inner. Each is two-layered except in 
the region of the micropyle where it is 
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thicker (Fig. 27). The micropyle is 
formed by both the integuments. A 
vascular strand traverses the funiculus of 
ovule and it ends at the base of the 
chalaza ( Fig. 27 ), where a hypostase-like 
tissue is present consisting of compactly 
arranged cells with dense contents and 
prominent nuclei. The nucellus is straight 
except for a small curvature at the 
chalaza. 

The hypodermal archesporial cell 
Fig. 28) divides periclinally to produce 
the primary parietal cell and the megaspore 
mother cell. The primary parietal cell 
divides anticlinally ( Fig. 29), and then 
periclinally so that the megaspore mother 
cell becomes deep-seated ( Fig. 30 ). Tetrad 
formation proceeds normally (Fig. 31). 
Sometimes the division in the upper 
dyad cell is vertical ( Fig. 33), or even 
oblique ( Fig. 34) or it may be delayed 
(Fig: 32). In Fig-933) the megaspore 
show a decussate arrangement. Normally 
the upper three megaspores degenerate, 
and the chalazal megaspore produces an 
eight-nucleate embryo sac of the Poly- 
gonum type ( Figs. 41, 42). In two and 
four-nucleate stages a vacuole is seen at 
the lower end of the embryo sac. 

Nearly fifty per cent of the ovules 
showed a tendency towards the forma- 
tion of double embryo sacs. These arise 
in two ways. In certain cases the third 
and fourth megaspores in a_ tetrad 
enlarge further ( Figs. 33, 34), and divide 
(Fig. 35). In other cases there are two 
archesporial cells ( Fig. 36), each giving 
rise to an embryo sac (Figs. 37-40). 
In any case one embryo sac develops 
further. 

The mature embryo sac (Fig. 42) is 
elongated and tapers at both ends. It is 
surrounded on either side by three to four 
layers of nucellar cells and at the top 
by two layers of cells. The synergids 
are hooked and show apical vacuoles 
(Fig. 43). The polar nuclei fuse in the centre 
of the embryo sac and the antipodals are 
organized as cells. 

The entry of the pollen tube is poro- 
gamous. It traverses between the nucel- 
lar cells at the micropylar end of the em- 
bryo sac and finally enters it by destroying 
one of the synergids ( Fig. 44). Syngamy 
and triple fusion have been observed. 


Fics. 24-44 — Fig. 24, young ovary wall. x 485. Fig. 25, wall of ovary in mature fruit 
showing lignified thickenings in the enlarged innermost layer of cells. x 215. Fig. 26, young 
nucellar priomordium showing archesporium and the initials of the integuments. x 485. Fig. 27, 
ls. young anatropous ovule at megaspore mother cell stage. x 215. Fig. 28, young nucellus 
showing primary archesporial cell. x 679. Fig. 29, two juxtaposed parietal cells and megaspore 
mother cell. x 970. Fig. 30, three layers of parietal tissue and megaspore mother cell. x 970. 
Fig. 31, tetrad of megaspores. x 970. Fig. 32, row of three cells: upper dyad cell not vet divided. 
x 970. Fig. 33, megaspore tetrad showing decussate arrangement. x 970. Fig. 34, linear 
tetrad showing oblique division in upper dyad cell. x 970. Fig. 35, T-shaped tetrad, in which 
the third and fourth megaspores are dividing. x 970. Fig. 36, double archesporium. x 970. 
Fig. 37, double megaspore mother cells. x 970. Fig. 38, double dyads. x 970. Fig. 39, 
double tetrads, one lying over the other. x 970. Fig. 40, two-nucleate and four-nucleate 
embryo sacs lying side by side. x 970. Fig. 41, formation of eight nucleate embryo sac. X 970. 
Fig. 42, mature embryo sac. x 970. Fig. 43, egg apparatus enlarged to show hooked synergids 
with apical vacuoles. x 970. Fig. 44, a stage in double fertilization. x 679. 
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Endosperm 


The primary endosperm nucleus divides 
earlier than the fertilized egg ( Fig. 45 ) and 
produces two free nuclei ( Fig. 46). These 
move apart and soon divide forming four 
nuclei arranged in two pairs. These again 
divide to form eight nuclei arranged in a 
paired linear manner, and then sixteen. 
By further divisions a large number of free 
nuclei are formed ( Fig. 47). Wall forma- 


tion does not occur and the nuclear endo- 
sperm is absorbed as such by the develop- 
ing embryo. 


Fics. 45-47 — Fig. 45, division of primary 
endosperm nucleus. x 485. Fig. 46, two-nucleate 
endosperm. X 485. Fig. 47, embryo and free 
endosperm nuclei. x 291. 


Embryo 


The fertilized egg (Fig. 48) divides 
transversely producing the terminal cell ca 
and the basal cell cb ( Fig. 49). Of these, 
ca divides vertically (Fig. 50) and cb 
divides transversely ( Fig. 51) producing 
cells m and ci ( Fig. 52). The second cell 
generation thus consists of two juxta- 
posed cells g, a middle cell m and an upper 
cell ci ( Fig. 52). The two cells of tier q 
undergo another vertical division at right 
anglestothefirst to form the quadrant stage 
(Figs. 54-57). The cells of the quadrant 
divide transversely to form the octant 
stage ( Figs. 58, 59) comprising the lower 
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tier / and the upper tier!’ (Fig. 59). The 
former corresponds to the cotyledonary 
portion and / to the hypocotyledonary 
portion. Periclinal walls are laid down in 
both / and !’ (Figs. 61, 62), thus delimiting 
the dermatogen de from a group of inner 
cells. Further periclinal divisions, follow- 
ed by anticlinal divisions in the inner cells, 
result in the differentiation of the periblem 
and plerome ( Figs. 63-69). At the same 
time, since a number of cells are formed in 
tiers / and /’, these portions of the embryo 
now present a compact globular appear- 
ance consisting of a mass of regularly 
arranged cells (Figs. 63-68). Further 
development in tier / results in the differen- 
tiation of the cotyledons (Fig. 69); and!’ 
gradually elongates to form the hypocoty- 
ledonary region of the embryo ( Fig. 69 ). 
The middle cell m gives rise to a portion 
of the suspensor and the hypophysis, of 
which the latter gives rise to the root 
tissues and the root cap. At about the 
two-celled stage in tier g, a vertical wall 
is laid down in m (Fig. 53). Both the 
daughter cells again divide vertically in a 
plane at right angles to the first resulting 
in four cells ( Figs. 54-58). Periclinal walls 
are now laid down delimiting the inner 
from the outer cells ( Figs. 59-63). The 
inner cells divide transversely to form 
two pairs of cells ( Figs. 64-66) of which 
the lower constitutes the hypophysis A 
( Figs. 66, 67) and the upper along with 
the remaining cells of tier m contributes to 
the suspensor. The cells of the hypophy- 
sis again divide transversely ( Fig. 68 ); the 
outer two cells complete the dermatogen 
and the inner two cells the upper part of 
the plerome ( Fig. 69). At a later stage 
the outermost layer of cells in the upper 
portion of the embryo undergoes peri- 
clinal and anticlinal divisions and thus 
produce the root cap ( Figs. 70, 71). 
Meanwhile, the uppermost cell ci 
( Fig. 52 ) also shows further development 
and contributes to the suspensor which has 
thus a double origin from cz and m. Of 
these c? undergoes two vertical divisions 
at right angles to each other to produce 
four cells ( Figs. 53-56 ) which again divide 
producing two superposed tiers n and 
n' ( Figs. 57, 59, 60). Further divisions 
in these two tiers are rather irregular 
( Figs. 63-69). The suspensor is short, 
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compact and multicellular ( Figs. 67-69 ). Mature Seed 

During later stages it gradually degenerat- 

es ( Fig. 69 ) and is no longer distinguish- In the small mature seed the two layers 
able at the mature embryo stage. of the inner integument and the inner layer 


The mature embryo is dicotyledonous of the outer integument get more or less 
( Fig. 71 ) and its cells are filled with dense crushed and only the outer epidermis of the 
contents. The central portion consists outer integument persists in the form of a 
of a group of elongated plerome cells, with transparent layer. Its outer wall is thrown 
a root cap at the base ( Figs. 70, 71 ). out in the form of short blunt projections 


Fics. 48-71 — Figs. 48-69, stages in the development of the embryo. x 970. Fig. 70, basal | 
portion of embryo enlarged to show the root cap co and the elongated cells of the plerome pl. | 
x 485. Fig. 71, mature dicotyledonous embryo. x 291. ca, terminal cell of the two-celled 
embryo; cb, basal cell of the two-celled embryo; g, the two juxtaposed daughter cells of ca; 
land J, are the lower and upper groups respectively in a two tiered octant stage; m and ci, 
cells derived from the basal cell cb; n and vn’, cells derived from ci: Ah hypophysis; de, der- 
matogen; pe, periblem; p/, plerome; co, root cap. ie PA 
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Fics. 72-75 — Fig. 72, ovule of an open flower 
to show the blunt projection p. x 100. Fig. 
73, mature seed showing the sickle-shaped pro- 
jection p and the position of the mature embryo 
(shown in dotted lines). x 50. Fig. 74, surface 
view of epidermal cells of seed coat. x 215. 
Fig. 75, epidermal cells of seed coat in l.s. show- 
ing blunt projections on their free surface. x 291. 


(Fig. 75). In surface view the cells of 
this layer present a zigzag outline 
(Fig. 74). When such a seed is mount- 


ed in lactophenol, the mature embryo can 
be seen quite clearly because of the trans- 
parent nature of the seed coat ( Fig. 73). 
On the side opposite to the chalaza a 
characteristic sickle-shaped projection is 
developed giving the seed a falcate 
appearance. At the same time the raphe of 
the seed is broadly expanded. These fea- 
tures are clearly seen in Figs. 72 and 73. 


Conclusion and Summary 


In Oxyspora paniculata eight cavities are 
developed in the floral tube lodging the 
eight curved stamens. In the four 
shorter stamens the connective is prolonged 
backwards in the form of a truncate 
appendage. The vascular strand entering 
the connective gives out a branch which 
passes into the appendage as in other 
members of Melastomaceae ( Ziegler, 1925; 
Subramanyam, 1949; Wilson, 1950 ). 

The cells of the innermost layer of the 
ovary wall become enlarged and develop 
lignified thickenings on their inner and 
tangential walls, a feature also noticed in 
Centradenia floribunda (Ziegler, 1925), 
another member of this family. 
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In nearly fifty per cent of the ovules, 
there is a tendency towards the develop- 
ment of double embryo sacs. This condi- 
tion originates either by the further 
development of two megaspores in a tetrad 
or the formation of two archesporial cells, 
each giving rise to an embryo sac. Only 
one embryo sac develops further. 

Development of the embryo sac follows 
the Polygonum type ( Maheshwari, 1948 ). 
The synergids are hooked and exhibit 
apical vacuoles, as in certain other genera 
of Melastomaceae (Subramanyam, 1942, 
1944, 1946, 1948). The antipodals are 
organized as cells which is rather peculiar, 
for in other members of Melastomaceae 
they are seen as naked nuclei ( Ruys, 1925; 
Ziegler, 1925; Subramanyam, 1942, 1944, 
1946, 1948). Further, in other members 
of this family there is a very early degener- 
ation of the antipodals, even before the 
organization of the egg apparatus; in 
Oxyspora this takes place at a later stage. 
In having antipodal cells Oxyspora resem- 
bles members of the closely allied family 
Lythraceae ( Mauritzon, 1934, 1939; Joshi 
and Venkateswarlu, 1935a, b, 1936 ). 

The endosperm is free nuclear as in 
other members of this family (Subra- 
manyam, 1948) and walls are not seen 
at any stage during the development of 
the seed: 

Development of the embryo follows the 
Onagrad type ( Johansen, 1950 ), a feature 
common to both Lythraceae and Onagra- 
ceae. The suspensor is short, multicellular 
and massive, a feature peculiar to Oxyspora 
paniculata. The mature seeds are small 
and falcate. 

While Oxyspora paniculata shows simi- 
larities with the other members of Melasto- 
maceae in its embryological characters, it 
has also certain distinctive features of its 
own. All these point towards a close 
relationship with the closely allied family 


Lythraceae. 
It is with great pleasure that I thank 
Prof. P. Maheshwari for his valuable 


suggestions and for going through the 
manuscript; Prof. L. N. Rao for kind 
encouragement; Messrs G. Ghose and 
B. A. Razi for collecting the material; 
and the National Institute of Sciences 
of India for the award of a Research 
Fellowship. 
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A MORPHOLOGICAL AND CYTOLOGICAL STUDY OF 
CYSTOPUS ON MOLLUGO CERVIANA 


K. M. SAFEEULLA AND M. J. THIRUMALACHAR 
Central College, Bangalore, India 


of 
of 


In the course of some collections 
parasitic fungi in the neighbourhood 
Bangalore (South India), a species of 
Cystopus was noticed on the leaves of 
Mollugo cerviana Ser., acommon dry land 
weed. The fungus did not incite mal- 
formations of any part of the host, but 
only produced circular or irregularly 
shaped white sori on the ventral surface 
of the leaves (Fig. 1). The fungus was 
named Cystopus mysorensis (nomen 
nudum ) by Safeeulla (1951) and validly 
described as a new species Cystopus 
molluginicola by Ramakrishnan and Rama- 
krishnan (1950). Hansford (1943) re- 
corded a Cystopus on a species of Mollugo 
from Uganda but did not give any 
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description of the fungus. Species of 
Cystopus have been studied by previous 
investigators and the morphological and 
cytological differences in the mode of 
gametogenesis and oospore formation have 
often formed good basis for separating | 
the species. Similar studies on Cystopus | 
molluginicola were undertaken by the 
writers with a view to follow the nuclear 
cycle during the gametogenesis and oo- 
spore formation. Comparisons with the 
nuclear cycles in Cystopus bliti ( Biv. ) 
deBary, C. platensis Speg. and C. portu- 
lacae ( DC ) Lev., which are closely related 
to C. molluginicola, were also made. | 
Material of C. trianthemae ( Wils. ) Sacc. & | 
Trotter was unfortunately not available, 


— 


= 


Gametogenesis and | 


An embryological study of Melastoma | 


Seit | 
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The materials were fixed in Allen’s 
modification of Bouin’s fluid. Microtome 


sections of 6 to 10u thickness were cut 
and stained with Newton’s iodine-gentian 
violet with orange G as counterstain. 

Sections through the sori revealed the 
developmental stages of the sporangia 
produced in chains from the sporangio- 
phores. The mature sporangia have 3 to 
Benmelers( Fiesz2, 3). 

The sex organs are formed within the 
mesophyll. The hyphae are intercellular 
and coenocytic. The oogonial initials are 
first differentiated as small swellings of 
the hyphal tips with dense cytoplasm. 
During the process of migration into the 
developing oogonium, the nuclei appear 
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slightly elongated ( Fig. 4). The forma- 
tion of a septum separates the oogonium 
from the rest of the hypha. The antheri- 
dia are formed in a similar way developing 
in close juxtaposition to the oogonia. 
There are usually two antheridia per 
oogonium (Fig. 5) though frequently 
only one antheridium is present. The 
antheridia are always closely adpressed to 
the oogonial wall. 

In the oogonia and antheridia the nuclei 
are uniformly distributed within the cyto- 
plasm during the early stages of gameto- 
genesis. There are 180 to 240 nuclei 
within the oogonium and 30 to 40 nuclei 
within the antheridium. Further develop- 
ment shows a simultaneous division of 


Fics. 1-13 — Fig. 1, infected leaves of Mollugo cerviana. } 


the sori showing sporangia and sporangiophores. x 375. 
Fig. 5, oogonium with two antheridia. x 600. first t 
x 600. Fig. 8, zygote. x 500. Fig. 9, division figures observed 
Fig. 10, second mitotic division in the oogonium. x 600. 

Figs. 12, 13, oospores showing discoid ridge at lower 


initial. x 500. 
the oogonia and antheridia. 
during mitosis in the oogonium. x 1350. 
Fig. 11, sectional view of oospore. x 600. 
end. x 375. 


x nat. size. Fig. 2, section through 
Fig. 3, sporangia. x 750. Fig. 4, oogonial 
Figs. 6, 7, first mitotic division in 
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all the nuclei in both the antheridium and 
the oogonium. The dividing nuclei within 
the oogonium are distributed uniformly 
( Figs. 6, 7 ) without there being a stage 
of zonation characteristic of Cystopus bliti, 
C. portulacae and C. platensis. In these 
three species there is a differentiation at 
this stage, of the ooplasm and periplasm, 
the former receiving the inwardly situated 
daughter nuclei during the divisions. In 
C. molluginicola, on the other hand, the 
ooplasm and periplasm are not differ- 
entiated until after the second mitotic 
division within the oogonium. 

Only the nuclei situated in the centre 
of the oogonium take part in the second 
mitotic division, while those lying towards 
the periphery remain undivided. The 
former constitute the female nuclei of the 
ooplasm, while the nuclei remaining un- 
divided during the second mitotic divisions 
and lying towards the periphery, become 
a part of the periplasm. There are no 
nuclear divisions in the antheridium ac- 
companying the second mitotic divisions 
within the oogonium (Fig. 10). No 
coenocentrum is observed at any stage of 
development of the oogonium. 

Careful observations of the dividing 
nuclei, in preparations stained with New- 
ton’s iodine gentian violet, indicate that 
during the mitotic divisions taking place 
within the oogonium and the antheridium, 
the nuclear membrane disappears prior to 
the metaphase stage (Fig. 9). In Cysto- 
pus platensis, however, Damle (1943) 
reports that the nuclear membrane per- 
sists during both the divisions of the 
oogonium. Stevens (1940) points out 
that in C. portulacae, the nuclear mem- 
brane persists only in the dividing nuclei 
of the antheridium, but disappears in the 
oogonium. 

Observations on fertilization stages in- 
dicate that there is no well-developed 
antheridial tube, characteristic of C. 
portulacae, C. bliti and C. platensis. In 
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contrast, fertilization takes place by a | 
poorly developed antheridial tube preced- 
ed by the dissolution of the septum | 
between the oogonium and the antheri- | 
dium. The male and female nuclei fuse | 
in pairs ( Fig. 8). Soon after, the oospore | 
wall is laid down as a thin membranous | 
layer which gradually thickens and shows | 
the characteristic reticulations ( Fig. 11). _ 
The nuclei of the periplasm are pushed 
towards the periphery close to the wall 
of oospore where they degenerate. The 
mature oospores frequently show discoid | 
thickenings towards the base ( Figs. 12, 
13), 


Conclusion and Summary | 


While resembling Cystopus bliti,C.platen- 
sis and C. portulacae in a general way, C. 
molluginicola shows some characteristic 
differences in gametogenesis. The lack of 
zonation of the dividing nuclei during the 
first mitotic division in the oogonium, 
resembles the condition present in C. 
evolvuli Damle, and C. candida ( Pers.) | 
Lév. However, in these two species the 
mature oosphere is uninucleate. The 
coenocentrum, though functionless, is well 
differentiated in C. blitt and inconspi- 
cuously present in C. portulacae. In C. 
platensis and C. molluginicola, on the other! 
hand, it is absent. In C. bliti, C. portu- 
lacae and C. platensis the periplasm is 
well differentiated soon after the stage of 
zonation following the first mitotic divi- 
sion, while in C. molluginicola it is recog- 
nizable only during the second mitotic! 
division within the oogonium. These! 
differences in oogenesis, in addition t 
the variations in the size of the sporangi 
and oospores among the related species 
support the view that C. molluginicola i 
a distinct species. I 

The writers wish to acknowledge their 
grateful thanks to Dr. L. N. Rao for 
valuable suggestions and encouragement. | 
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ON THE STRUCTURE AND REPRODUCTION OF 
PLEODORINA SPHAERICA IYENGAR 


M. © P. IYENGAR & K. R. RAMANATHAN 


University Botany Laboratory, Madras 


This alga was first collected by Iyengar 
in a rain-water pool on a hill slope at 
Vandalur, a village twenty miles south 
of Madras. It was found sparsely scat- 
tered among other algae in the pool. 
The alga showed a certain resemblance 
to Pleodorina californica Shaw in having 
small cells in the anterior half of the 
colony and large cells in the posterior 
half, but it differed in having a large 
number of small cells scattered among the 
large cells even in the posterior portion of 
the colony. No reproductive stages, either 
asexual or sexual, were found in any of 
the colonies. Iyengar presumed that the 
large cells were the gonidial cells and the 
small cells the somatic cells of the colony, 
and described the alga as a new species 
of Pleodorina, P. sphaerica, which he 
considered as more advanced than P. 
californica and as forming a connecting 
link between P. californica and Volvox 
(Iyengar, 1933; pp. 343, 344; 370). Since 
Iyengar described the alga, it has not 
been recorded by anybody else. In 1941, 
the authors found it in a paddy-field at 
Adyar, a suburb of Madras. It was 
growing in large numbers and the colonies 
showed plenty of reproductive stages, 
asexual as well as sexual. They took 
advantage of the availability of plenty 
of fertile material to make a detailed 
study of it. 


Material and Methods 


The alga was first noticed in the paddy- 
field in the middle of February 1941, as 
stray colonies among other algae. The 
colonies were all in a vegetative condition. 
At this time the paddy crop was standing 
and there was only a very small quantity 
of water in the field. The crop was 
harvested in the first week of March, and 
the field was flooded with water imme- 
diately after harvesting. Very soon after 
this, the alga began to come up in very 
large numbers and soon formed almost 
the chief constituent of the plankton. 
The colonies were well developed and 
showed plenty of reproductive stages also. 
The alga was collected with the aid of a 
silk plankton net and was brought to the 
laboratory and kept in large glass vessels 
with plenty of fresh water from the paddy- 
field. It continued to live in the labora- 
tory in a healthy condition for quite a 
long time and was examined as far as 
possible in a living condition. Material 
which was just killed in osmic vapour or 
in dilute Lugol’s iodine was used for 
making camera lucida drawings or for 
taking photomicrographs. Developmental 
stages were studied in the living alga 
mounted on a slide or in hanging-drop 
cultures. For making further observa- 
tions the material was fixed in weak 
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chom-acetic solution and also in Bouin’s 
fluid ( P.F.A. 3), washed thoroughly and 
finally preserved in 70 per cent alcohol. 
Some material was preserved in 4 per cent 
formalin also. 


Structure of the Colonies 


The fully developed vegetative colonies 
are spherical to ellipsoid in shape ( Figs. 1- 
32 Pint #Figss.1, 4,.52P1. II Ries doa 
have usually 128 cells, but very frequently 
only 64 cells. The vegetative ( somatic ) 
cells are very much smaller than the 
fertile (gonidial) cells. Aïl the cells in 
the anterior one-third or half of the colony 
are somatic. In the remaining portion 
of the colony, the somatic cells occur 
interspersed among the gonidial cells 
(Pigs; 11333 Plo, Figsals2 5a Pre 
Fig. 7). The gonidial cells are always 
confined to the posterior half or two- 
thirds of the colony. Very occasionally, 
however, they occupy the median portion 
of the colony, the anterior and posterior 
ends of the colony being occupied by 
the somatic cells (Fig: 3 PIN Bigs. 
4): 

The proportion of the somatic cells to 
the gonidial cells is not constant, but 
varies to a certain extent. The gonidial 
cells are always smaller in number than 
the somatic cells, and their number 
generally varies from }4 to ! the total 
number of cells in the colony. Very often 
sterilization goes much further, and the 
number of gonidial cells is still smaller. 
The greatest amount of sterilization ob- 
served was in a 64-celled colony, where 
61 cells were somatic and only three cells 
were gonidial. 

The somatic cells measure up to 12u in 
diameter, and the gonidial cells up to 28 u 
in diameter. The two types of cells are 
quite distinct in size, and in fully dev- 
eloped colonies no cells of intermediate 
sizes are seen. Mature vegetative colonies 
with fully developed gonidia are 180- 
320 u in diameter. Mature asexual colonies 
with fully formed daughter-colonies are 
400-500 u in diameter. Mature male colo- 
nies with fully developed antheridial bun- 
dles are 180-280 » in diameter. Mature 
female colonies with ripe oospores are 
180-320 u in diameter. Young colonies 


without any differentiation of vege- 
tative and gonidial cells are 50-80 4. in 
diameter. 


Cell Structure 


The somatic cells are round in surface 
view and ovate with a slightly pointed 
anterior end and a broadly rounded 
posterior portion ( Figs. 5, 6; Pl. I, Figs. 2- 
6). In young colonies they are nearly 
globose. The cells are typically chlamy- 
domonadine in appearance and have two 
flagella at the anterior end, two contractile 
vacuoles, an eye-spot and a cup-shaped 
chloroplast, in which are embedded one 
or more pyrenoids, and a single nucleus | 
( Figs. 5, 6). The two flagella are slightly 
apart from each other and pass outside 
through separate holes in the mucilaginous 
matrix of the colony (Fig. 7). The eye- 
spot is situated a little below the anterior 
end of the cell. The cells at the anterior 
end of the colony have the largest eye- 
spot. The size of the eye-spot gradually 
decreases in the cells from the anterior | 
to the posterior end (Fig. 4 A-D). Eye- 
spots from the anterior to the posterior 
portion of a single well-developed colony 
measured as follows: 2-44; 2:04; 1-64; 
l'2u; 0-8u; 0-5u or less. The chloro- 
plast is cup-shaped and nearly fills the 
entire cell leaving only a narrow opening 
at the anterior end. In the vegetative | 
cells there is usually a single pyrenoid; : 
occasionally two pyrenoids are embedded. 
in the chloroplast. The gonidial cells 
are more or less similar to the somatic | 
cells in general structure. In young 
colonies all the cells are similar in size 
and structure (Fig. 18). But as the 
colony becomes larger, the cells which 
are to become gonidial enlarge consider- 
ably in size. The chloroplast in these 
cells becomes larger and more or less | 
massive and nearly fills the entire cell | 
cavity. The pyrenoids also increase in 
number, their number in fully developed | 
gonidia ranging from 10 to 15. The eye- 
spots in these enlarging gonidial cells 
become obscure and are not distinguish- 
able in mature gonidia. The contractile 
vacuoles, however, are distinctly seen in 
the hyaline portion at the anterior end 
(Fig. 8). 


Fics. 1-18 — Fig. 1, colony with 128 cells. Fig. 2, colony with 64 cells. Fig. 3, colony 
having 128 cells, with the gonidial cells distributed more or less in the median region. Fig. 4, 
A-D, cells from the anterior to the posterior portion of a colony in surface view showing the 
gradual reduction in the size of the eye-spot. Fig. 5, a vegetative cell from the anterior end of 
the colony in side view, showing the large eye-spot, two contractile vacuoles, and two flagella. 
Fig. 6, a vegetative cell from the equatorial region showing a smaller eye-spot. Fig. 7, a 
vegetative cell stained in dilute methylene blue showing the two tubular structures in the muci- 
laginous matrix through which the flagella emerge outside. Fig. 8, a large gonidial cell with 
several pyrenoids. Figs. 9-13, divisional stages of the gonidial cell during daughter-colony 
formation. Figs. 14-17, inversion stages during formation of daughter-colony. Fig. 14, a 64- 
celled plakea with the lips rather apart. Fig. 15, a 128-celled plakea with the lips close together. 
Fig. 16, “ hat’’ stage of the inversion with the central dome of cells and a broad fringe, flagellar 
development just begun. Fig. 17, completion of the inversion showing a small pore not yet closed 
up; development of flagella nearly complete. Fig. 18, a young daughter-colony without any 
differentiation of the gonidial and the vegetative cells. ( All figures except Figs. 7, 9, 10, 11 and 12 
drawn from living material. Figs. 1-3, x 175. Figs. 4-6, 8, x 790. Figs. 7, 9-17, x 540. 
Fig. 18, x 270.) 


218 
Reproduction 


ASEXUAL REPRODUCTION — The goni- 
dial cells, after reaching their maximum 
size, begin to divide and produce daughter- 
colonies. Cell-division begins more or less 
simultaneously in all the gonidial cells 
of the colony, though a few may occa- 
sionally lag behind. Within the same 
colony some of the gonidial cells may 
divide more rapidly than the others. 
Usually the gonidial cells towards the 
posterior end show a slightly more ad- 
vanced stage of division than those more 
towards the anterior portion. 

The division of the gonidial cells is 
initiated by a slight flattening of the 
anterior end of the cell and a slight 
contraction of the protoplast away from 
the wall. The nucleus which until now 
was somewhat centrally located comes 
to occupy a peripheral position inside 
this flattened anterior end. It becomes 
considerably enlarged and divides to 
form two daughter-nuclei. The cleav- 
age of the protoplast starts usually from 
the anterior side of the protoplast and 
proceeds to the posterior end. The plane 
of cleavage is radial and longitudinal, 
and passes between the two flagellar inser- 
tions, resulting in the formation of two 
daughter-protoplasts each with one flagel- 
lum. The second division is also longi- 
tudinal and radial ( Figs. 10, 11), but at 
right angles to the first one. At this stage 
the two flagella are seen attached to two 
opposite cells of the quadrant (Fig. 12). 
The next division is also longitudinal 
resulting in an octant. Further divisions 
follow in all the cells and ultimately a 
somewhat cup-shaped plakea is formed 
with its broad opening facing the periphery 
of the colony (Figs. 13-15). Simul- 
taneously with the division of these cells, 
the original wall of the gonidial cell 
increases considerably in size and forms a 
broad vesicle round the cup- or bowl- 
shaped plakea. The two flagella of the 
old mother-cell remain attached to two 
of the daughter-protoplasts during the 
progress of the division (Figs. 12, 13), 
but ultimately become detached, probably 
about the 16- or 32-celled condition. The 
fully formed plakea remains free inside 
the enlarged vesicle ( Figs. 14, 15). 
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Inversion —The fully developed plakea | 
shows a broad or narrow phialopore ac- | 
cording as the division of cells has pro- | 


gressed to a 64- or a 128-celled stage 
( Figs. 14, 15). 


more like a slit, with the lips of the plakea 


nearly touching each other (Fig. 15; | 


Pl. II, Figs. 10, 12). At the commences 
ment of the inversion, the lips of the 
plakea separate apart and gradually fold 
back, until the opening becomes so wide 
that the plakea appears nearly flat ( Fig. 
16). About this stage, the marginal cells 
of the plakea become somewhat elongated 
and pear-shaped and show the beginnings | 
offlagellaformation. The central portion, 
on the other hand, remains as a small | 
hemispherical dome for a short time, with 
the elongating marginal cells forming a 
broad fringe round it, giving the entire 
plakea a hat-like appearance (Fig. 16; 
Pl. II, Fig. 12). The folding back os 
the lips goes still further until they are 
close together on the other side and the 
plakea forms a closed spheroid ( Fig. 17 ). 
A small opening is left behind for a short 
time after the inversion is complete, 
but soon gets obliterated by the enlarge- 
ment of the spheroid and the closing up 
of the cells. As a result of this inver- 
sion, the nuclear ends of the cells, which 
were directed towards the interior of the 
plakea during the division stages, become 


directed towards the outside of the colo- | 


ny; and the chloroplast-ends of the cells, 
which were originally directed towards 
the outside, become directed towards! 
the inside of the colony. Simultaneously 
with the completion of the inversion, 
the flagella reach their full length and 
the daughter-colony soon begins to rotate 
inside the vesicle. 


After inversion, the young colony con- ff 
tinues to enlarge for some time within its J 
vesicle until it is ready to escape outside | 
(Pl. I, Fig. 6). As the daughter-colonies § 
enlarge, the mother-colony also enlarges 
After the daughter- ff 
colonies have reached a certain size, they | 
escape from the parent-colony one by one 
through a small opening formed by aiff 


considerably in size. 


slight gelatinization of the posterior end. 
of the mother-coenobium. 
whether this opening is always present 


In the case of the latter, | 
the phialopore is very narrow and appears | 


It is not clear ll 
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in the parent-colony or is formed newly 
just before the escape of the daughter- 
colonies. But in a number of colonies, 
in which the gonidia had not yet begun 
to divide, a slightly gelatinized portion 
was noticed towards the posterior pole 
(Pl. I, Fig. 5), indicating the possibility 
of its presence even at a very early stage. 
The mother-colony, after the escape of 
all the daughter-colonies, continues to 
live for some time with the somatic cells 
alone left behind, but finally gradually 
disintegrates. 

The freshly liberated daughter-colony 
does not show any differentiation into 
somatic and gonidial cells ( Fig. 18; Pl. I, 
Fig. 6) until the colonies and cells reach 
a certain size. Soon after liberation, the 
colonies measure about 504 in diameter 
and their cells about 4-5 in diameter. 
As the colonies grow the cells also increase 
in size until they are about 7 y in diameter. 
About this stage the differentiation into 
vegetative and gonidial cells commences. 
Some of the cells in the posterior half of 
the colony go on increasing in size more 
rapidly than the other cells and soon 
become very prominent and form the 
gonidial cells. In these enlarging cells, 
the pyrenoids also increase in number 
so that it becomes easy to distinguish the 
gonidial cells from the smaller somatic 
cells, which remain unaltered and contain 
only a single pyrenoid. 

The development of the plakea and the 
inversion of the daughter-colony in Pleo- 
dorina sphaerica show a close similarity to 
those of Eudorina elegans ( Hartmann, 
1924, p. 378), E. ıllınoisensis ( Merton, 
1908) and E. indica ( Doraiswami, 1940, 
p. 121). But the plakeal development 
and the stages of inversion in P. sphae- 
yica are much more advanced than 
those of Eudorina and come somewhat 
closer to those of Volvox. In Eudorina, 
the plakea does not develop beyond a 
shallow, broadly open, cup-shaped condi- 
tion (see Hartmann, 1924, Fig. A, a, on 
p. 379; Doraiswami, 1940, Fig. 19, on 
mm 22; Pascher, 1927, Fig. 398, on p. 436 ): 
In the present alga, on the other hand, 
the plakea develops much further than 
a shallow cup-shaped condition and be- 
comes deeply bowl-shaped or even very 
nearly spherical as in Volvox. And the 
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inversion is not merely a flattening and 
then arching outwards of the plakea, but 
a definitely more elaborate process, during 
which there is a “ hat ’’ stage somewhat 
similar to that observed by Pocock 
(1933a) in some of the more primitive 
species of Volvox. Chatton (1911) has 
given a detailed account of the develop- 
mental history and sexual reproduction of 
Pleodorina californica. Unfortunately his 
account of the inversion of the daughter- 
colony is not quite in conformity with 
present-day ideas of inversion, but his 
figures of the stages leading to the forma- 
tion of the daughter-colonies show a close 
similarity to those of P. sphaerica. Pascher 
(1927, p. 436), however, gives a correct 
interpretation of the details of develop- 
ment of the daughter-colonies in P. cali- 
fornica as recorded by Chatton. 


Sexual Reproduction 


The sexual colonies of Pleodorina 
sphaerica are dioecious ( Pl. I, Figs. 2, 3). 
All the gonidial cells usually form either 
antheridial bundles or egg-cells, though 
occasionally a few gonidial cells may form 
daughter-colonies. 

DEVELOPMENT OF THE ANTHERIDIAL 
BUNDLES — The antheridial bundles have 
64207. S2icells: (igs, 19.25, 267, ER 
Fig. 8). The divisions of the male initial 
cell leading to the formation of the antheri- 
dial bundle are more or less similar to 
those observed during the formation of 
the daughter-colonies, only the antheridial 
plakea does not develop beyond a shallow 
hemispherical cup-shaped condition ( Pl. 
II, Fig. 9). Inversion takes place on the 
completion of cell-division. The shallow 
cup-shaped plakea with its concave side 
facing the exterior of the mother-colony 
(Pl. II, Fig. 9) becomes somewhat flat by 
a slight folding back of the marginal cells. 
The plakea then becomes more and more 
arched backwards with its present convex 
side now directed towards the exterior of 
the colony. Simultaneously with the in- 
version, flagellar development takes place 
in each of the cells of the plakea. When 
the inversion is completed, the antheridial 
bundle has a somewhat hemispherical 
shape with its flagellar end broadly convex 
and facing the exterior of the colony and 


23 


Fics. 19-26 


antheridial bundle in surface view. 
Cie M10 2002526 1070: 


its posterior end more or less concave and 
facing the interior of the colony. Very 
soon after the inversion is completed, the 
whole antheridial bundle begins to move 
inside the vesicle oscillating as it wereona 
pivot. By means of these oscillatory move- 
ments, it gradually turns round through 
180°, and finally comes to lie inside its 
vesicle with its flagellar end directed to 
the interior of the colony and its concave 
posterior end directed to the exterior of 
the: colony (ie MO PES Res) TRE 
details of development of the antheridial 
bundle in the present alga show a very 
close resemblance to those of Eudorina 
indica ( Doraiswami, 1940, p. 131). 

The antheridial bundle, after escaping 
from the parent-colony, swims in the water 
until it comes into contact with a female 
colony, which it finally enters through a 
hole formed by the gelatinization of the 


Fig. 19, a antheridial bundle fully developed 
Fig. 20, three antherozoids: A, drawn from living material; B & C, from a stained preparation, 
showing nucleus in B and nucleus and rhizoplast in C. Figs. 21-23, fertilization stages. 
an antherozoid swarming close to the egg-cell inside the vesicle just before fertilization. 
fertilized egg-cell immediately after fusion with the antherozoid, 
the antherozoid and the two flagella of the egg; note the eye-spot of the antherozoid inside the 
protoplast of the fertilized egg at the spot where fusion took place. 
flagella, two belonging to the egg and two to the antherozoid. 
note the thick three-layered wall of the zygote with a crenate middle layer. 
Fig. 26, a 32-celled antheridial bundle in surface view. 
Figs 21-23, x 725. 


inside the enlarged vesicle. 


Fig. 21, 
Fig. 22, 
showing the two flagella of 


Fig. 23, zygote with four 
Fig. 24, two fully ripe zygotes; 
Fig. 25, a 64-celled 


Fig. 24, x 460.) 


colony at the posterior end (see p. 218). 
As it enters the female colony, the bundle 
breaks up into the individual antherozoids. | 
The antherozoids are long and spindle- | 
shaped with a narrow anterior portion and 
a slightly broader posterior portion ( Fig. 
20). They are highly metabolic and 
change their shape very frequently. They 
are 12-15u long and 2-4u broad at the 
broadest portion. They possess each two 
long flagella which are attached to the 
anterior end a little below a well-developed ff 
beak-like apical portion (Fig. 20). They 
are, pale yellowish green in colour ang | 
possess a chloroplast in which is embedded J 
a small pyrenoid. An eye-spot is seen a | 
little above the median portion. Two 
small contractile vacuoles are present near 
the anterior end ( Fig. 20). | 
FERTILIZATION — The gonidia which are 
to develop into oogonia enlarge very much 4 
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in size and become dark green in colour. 
The female colonies consequently are of 
a much brighter green colour than the 
male and the asexual colonies. The egg- 
cells, when fully developed, appear as large 
naked protoplasts inside their considerably 
enlarged vesicles. They retain their flag- 
ella at the time of fertilization ( Figs. 21- 
23) as in Eudorina elegans ( Meyer, 1935; 
Pocock,1937; Iyengar,1937). The anthero- 
zoids are seen in large numbers actively 
swarming inside the female colony. Some 
of these antherozoids could be seen brows- 
ing about the egg-cells, and one or two 
antherozoids could be seen even inside the 
enlarged vesicle (Fig. 21). How the 
antherozoids entered the vesicle could not 
be made out. The actual fusion of the 
antherozoid with the flagellated egg was 
observed only once, though numerous egg- 
cells with the antherozoids swarming 
round them were kept under continuous 
observation for a long time. The anthero- 
zoid inside the vesicle after moving round 
the egg for some time finally attached 
itself by its anterior pointed end to the 
anterior portion of the egg (Fig. 21). 
Soon after, by a quick lashing movement 
of its posterior portion, it became attached 
to the egg all along its length and rapidly 
fused with it sideways leaving its two 
flagella projecting outside at the place 
where it fused with the egg. Its eye-spot 
could also be seen as a tiny speck inside 
the protoplast of the fetilized egg im- 
mediately below its two projecting 
flagella ( Fig. 22). The entire process of 
fusion was very rapid and was completed 
within a few seconds. The quadriflagel- 
late zygote retained the four flagella for 
quite a long time after fertilization. Be- 
sides this solitary instance of observation 
of the actual process of fertilization, a 
quadriflagellate zygote was seen in an- 
other colony (Fig. 23), confirming the 
previous observation of actual fertilization. 

A word may be said about the behaviour 
of the protoplast of the eggs during ferti- 
lization. This was found to change its 
shape during fertilization. For some time 
it was pear-shaped, then it became some- 
what elliptic-ovate, then a little rounded 
and finally quite spherical. The signi- 
ficance of these changes of shape is not 
quite clear. Similar changes of the shape 


of the egg-protoplast were also observed 
by Iyengar (1937, p. 112) in Eudorina 
elegans. 

The fully ripe zygotes in the present 
alga are spherical and light brown in 
colour and measure 30-38 u in diameter. 
They possess a thick wall which is com- 
posed of three layers, a thick outer layer, 
a thin inner layer and a somewhat irregu- 
larly crenate middle layer (Fig. 24; Pl. II, 
Fig. 11). The zygotes are retained in the 
motile colony until they are quite ripe 
and are finally shed into the water by the 
disintegration of the mother-colony. 

In the flagellate condition of its egg- 
cell, the present alga resembles Eudorina 
and is less advanced than Volvox, where 
the egg is non-flagellate. The mode of 
fertilization is an advanced type of aniso- 
gamy but less advanced than in Volvox, 
which shows definite oogamy. But the 
colony in the present alga at the time of 
fertilization is quite intact and motile 
and the egg-cells are fertilized in situ. 
In this respect it resembles Volvox and not 
Eudorina, since in Eudorina the colony 
breaks down at the time of fertilization, 
and the unfertilized flagellate egg-cells 
which lie loose in the partially liquefied 
gelatinous matrix of the colony come out 
of their cell-membranes, as in Chlamy- 
domonas, prior to fertilization ( Iyengar, 
1937, p:. 112), in Eudora, thereiore, 
fertilization of the egg-cells does not take 
place in situ, but outside the parent- 
colony. Nothing is known regarding ferti- 
lization in Pleodorina californica. Most 
probably it is quite similar to that in 
P. sphaerica. 


Discussion 


Iyengar ( 1933, pp. 343, 344) at the time 
of the original description of this alga 
did not have any reproductive stages in 
his material. He, however, presumed that 
the larger cells of the colony were the 
gonidial cells and the smaller cells, the 
somatic cells. The present study fully 
confirms the correctness of this presump- 
tion. From the fact that the somatic 
cells are interspersed among the gonidial 
cells in the posterior portion of the colony, 
Iyengar concluded that the present alga 
is more advanced than P. californica, 


DD, 


and that it formed a connecting link 
between P. californica and Volvox. The 
present study, while fully confirming 
Iyengar’s conclusion, shows that here 
sterilization has proceeded much farther 
than he originally visualized, and that, 
in some extreme cases it comes very close 
to that of Volvox, as, for instance, in the 
64-celled colony where 61 out of the 64 
cells were somatic (see p 216). 

Coming to the development of the 
daughter-colonies, the present alga shows 
a great advance over Eudorina. In Eudo- 
rina, during the formation of the daughter- 
colony, the plakea does not advance very 
much beyond a cup-shaped, hemispherical 
condition before the commencement of 
the inversion of the embryo-colony. In 
the present alga, on the other hand, the 
plakeal development goes much beyond 
a cup-shaped condition and reaches very 
nearly a spherical condition (Pl. II, Fig. 
10). This latter feature is more character- 
istic of Volvox than of Eudorina. Again, 
in the stages of inversion also, the alga 
shows a certain resemblance to Volvox, 
especially in the presence of the “ hat ” 
stage which has so far not been recorded 
in Eudorina. 

Coming to the development of the 
antheridial bundles, Pocock (1933 b, 
pp. 581, 592) was the first to recognize 
that inversion takes place during the 
development of the antheridial bundles 
in Volvox. Inversion was observed during 
the development of the antheridia in 
Eudorina elegans by Iyengar and Dorai- 
swami ( Doraiswami, 1940, p. 131) and in 
E. indica by Doraiswami ( 1940, pps isl; 
133). It is interesting to find that in 
Pleodorina sphaerica also inversion takes 
place during the development of the 
antheridial bundies. In his account of 
the antheridial bundles of P. californica 
Pascher ( 1927, p. 447) does not refer to 
any inversion. The authors feel, however, 
that inversion of the antheridial bundle 
is likely to be found in P. californica 
also. 

_ The egg-cell in the present alga retains 
its flagella at the time of fertilization as 
in Eudorina ( Meyer, 1935; Pocock, 1937: 
Iyengar, 1937), whereas in Volvox the 
egg-cell ( oosphere ) is non-flagellate. And 
the sexual fusion in the present alga is 
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a case of very advanced anisogamy as In 
Eudorina, whereas it is a case of definite 
oogamy in Volvox. But, though in the 
nature of sexual fusion the present alga 
has not advanced beyond the Eudorina 
level, in another aspect of this, it shows 
a great advance over Eudorina. The egg- 
cell in the present alga is fertilized ın situ 
(i.e. while it is still in its normal position 
in the intact parent-colony ) as in Volvox, 
whereas in Eudorina the colony breaks 
down prior to fertilization and the eggs 
are fertilized when they are lying loose 
in the partially liquefied gelatinous matrix 
of the parent-colony. Cases of sexual 
fusion where the eggs are fertilized im 
situ are considered more advanced than 
those where the eggs are fertilized outside 
the parent plant. In this aspect of the 
fertilization, the present alga is definitely 
more advanced than Eudorina and com- 
pletely resembles Volvox. 

In another aspect also the present alga 
shows a great advance over Eudorina and 
a resemblance to Volvox. In Eudorina, 
when its reproductive structures, viz. 


daughter-colonies, antheridial bundles and | 


egg-cells, have become fully developed, 
the mother-colony becomes immobile and 
gradually breaks down so that the fully 
developed reproductive structures lie loose 
in the partially liquefied gelatinous matrix 
of the colony. The daughter-colonies and 
the antheridial bundles then swim away 
and the egg-cells lie loose in the liquefied 
matrix and become fertilized. In Volvox, 
on the other hand, the colony is quite 


intact and active even after the repro- | 


ductive structures are fully developed. 
The asexual and the male Volvox colonies 
continue to live intact and motile for 
some time even after the daughter-colo- 
nies or antheridial bundles have escaped 


from them, and then finally disintegrate. |} 
In the case of the female Volvox colonies, J 
the fertilized eggs ( oospores ) are retained J 
in the intact and motile colony until they J 


are fully ripe. The colony finally dis- 
integrates and the ripe oospores are liberat- 
ed. In the present alga also the asexual 
and the male colonies are intact and 
motile after the escape of the daughter- 


colonies and the antheridial bundles res- |} 


pectively, and continue to live for some 
time and then disintegrate. And in the 
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case of the female colonies, the fertilized 
egg-cells (zygotes) are retained in the 
intact and motile colony until the zygotes 
are quite ripe; and, when finally the colony 
disintegrates, the ripe zygotes are liberat- 
ed. The alga shows a very close resem- 
blance to Volvox in the colonies remaining 
quite intact and motile even after the 
maturation of the reproductive bodies. 
Of course, this persistence of the colony 
in an active condition for some time even 
after the reproductive stage in Volvox and 
the present alga is a natural consequence 
of the large amount of sterilization in them, 
since the large number of vegetative cells 
in the colony continue to live and keep 
the colony intact and motile for some time 
after the reproductive stage is over and 
until they themselves die. 

Pleodorina sphaerica is thus very inter- 
esting in showing a combination of the 
characteristic features of both Eudorina 
and Volvox. There is, however, a pre- 
ponderance of the Volvox features over 
the Eudorina features, and on the whole 
it is nearer Volvox than Eudorina. Steri- 
lization has progressed a good deal be- 
yond that in P. californica and in a few 
extreme cases it even approaches the 
condition in Volvox. P. sphaerica thus 
forms a very interesting link between 
P. californica and Volvox in the colonial 
Volvocales series. 


Summary 


A detailed account is given of the 
structure and reproduction of Pleodorina 
sphaerica Tyengar. 

The colonies have usually 128 cells, 
though very often only 64 cells. Steri- 
lization of the potentially reproductive 
cells has advanced much further than in 
P. californica Shaw, since it has also 
progressed into the posterior portion of 
the colony, where a number of vegetative 
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cells are scattered among the gonidial 
cells. 

The colonies are asexual or sexual. The 
sexual colonies are unisexual and are either 
male or female. Occasionally, in the 
sexual colonies, some of the gonidial cells 
develop into daughter-colonies. 

Inversion takes place during the de- 
velopment of the daughter-colonies. The 
inversion stages are more advanced than 
those of Eudorina and approach those of 
V olvox. 

The antheridial clusters have either 
64 or 32 cells. Inversion takes place 
during the development of the antheridial 
clusters. The antherozoids are spindle- 
shaped and biflagellate. 

The egg-cells have two flagella at the 
time of fertilization. The fertilized egg 
has four flagella, two belonging to the egg 
and two to the antherozoid. Fertilization 
in the alga is, therefore, an extreme case of 
anisogamy as in Eudorina, and not a case 
of oogamy as in Volvox. When fertiliza- 
tion takes place, the colony is quite intact 
and motile as in Volvox, and the eggs are 
fertilized in situ, unlike the condition in 
Eudorina where the colony breaks down 
at the time of fertilization and the un- 
fertilized eggs lie loose in the partially 
liquefied gelatinous matrix of the colony. 

The oospores ripen while still inside the 
intact and motile colony as in Volvox. 
The oospore has a thick wall made up 
of three layers, of which the middle one 
is crenate. 

The asexual and the male colonies re- 
main intact and motile for some time even 
after the escape of the daughter-colonies 
and the antheridial bundles, respectively, 
as in Volvox. 

The alga shows a combination of 
features belonging to both Eudorina and 
Volvox, and forms an interesting link 
between Pleodorina californica and V olvox 
in the colonial Volvocales series. 


Literature Cited 


CHATTON, E. 1911. 
Banyuls-sur-Mer. 
signification phylogenique. 
et Belg. VII, 44: 309-31. 

Doraıswanmı, S. 1940. On the morphology and 
cytology of Eudorina indica Iyengar. J. 
Indian bot. Soc. 19: 113-139. 


Pleodorina californica à 
Son cycle évolutif et sa 
Bull. Sci. France 


HARTMANN, M. 1924. Ueber die Veränderung 
der Koloniebildung von Eudorina elegans 
und Gonium peclorale unter dem Einfluss 
äusserer Bedingungen. Arch. Protistenk. 
49: 375-95. 

IYENGAR, M. O. P. 1933. 
knowledge of the colonial 


Contributions to our 
Volvocales of 


224 PHYTOMORPHOLOGY 


South India. J. Linn. Soc. London, Bot. 49: 
323-73. 


— 1937. Fertilization in ÆEudorina elegans 
Ehrenberg. Jj. Indian bot. Soc. —16; 
111-18. d 

MERTON, H. 1908. Über den Bau und die 
Fortpflanzung von Pleodorina  illinois- 
ensis Kofoid. Zeitschr. wiss. Zool. 90: 
445-77. 


MEYER, K. I. 1935. Zur Kenntnis der geschle- 
chtlichen Fortpflanzung bei Eudorina und 
Pandorina. Beih. Bot. Chl. 53A : 421-6. 


Volvocales-Phytomonadinae 


PASCHER, A. 1927. 
Oesterreichs 


Süsswasserflora Deutschlands, 
und der Schweiz. 4. Jena. 

Pocock, M. A. 1933a. Volvox and associated 
Algae from Kimberley. Ann. South Afr. 
Museum. 16: 473-521. 

— 1933b. Volvox in South Africa. 
Afr. Museum. 16: 523-646. 

— 1937. Studies in South African Volvocales. 
Fertilization in Eudorina elegans. Abstract 
in the agenda of the general meeting of the 
Linnean Society of London, June 7, 1937. 


Ann. South 


EXPLANATION OF PLATES 


PPATENT 


1, a group of asexual, male and female colo- 
nies. x 40. 2, a female colony with nearly ripe 
zygotes. x 200. 3, a male colony with fully deve- 
loped antherial bundles, x 300. 4, a vegetative 
colony showing the gonidial cells arranged some- 


what in the median portion of the colony. x 200. 
5, the same colony as in Fig. 4 in median optical 
section, focussed to the margin of the colony. 
x 200. 6, an asexual colony with thirty-four 
daughter-colonies. x 160. 


PLATE II 


7, a 64-celled colony. x 200. 8, two 
antheridial clusters, the one on the left having 
32 antherozoids and the one on the right 
having 64 antherozoids. x 700. 9, posterior 
portion of a male colony, showing plakea in 
various stages of development. x 220. 10, 
two daughter-colony plakeas in different stages 
of inversion, X 600. 11, ripe oospore showing 


the thick three-layered wall. Note the wavy 
median layer. x 700. 12, portion of an 
asexual colony, showing plakea of the daughter- 
colonies in various stages of inversion. The 
plakea in the top right hand corner is in the 
“hat” stage, showing the flattened marginal 
De and the dome like median portion. 
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The ability of the grass blade to roll 
in wilting depends upon a leaf architecture 
dominated by a single row of radially 
organized vascular ribs joined laterally 
by narrow strips of hinge cells. The 
transverse leaf section from Bouteloua 
breviseta Vasey illustrates the general 
structural pattern of the typical grass 
blade in so far as it affects or permits in- 
volution ( Fig. 1). A number of adaxial 
furrows between the ribs separate ridges 
ordinarily reinforced above and below 
by sclerenchyma. In most species en- 
larged epidermal cells with thin, flexible 
lateral walls form longitudinal rows in the 
furrows. This cell type is lacking in the 
blades of few grasses, in some three or 
more rows develop in each groove, and 
these are frequently continuous with 
similarly enlarged, thin-walled mesophyll 
cells extending in a vertical column 
through the entire leaf thickness in the 
furrows, forming a flexible hinge. In 
most xeric grass leaves the palisade 
chlorenchyma is arranged radially around 
the vascular bundle ribs. Sclerenchyma- 
tous reinforcement and an_ inflexible 
lower epidermis give the abaxial leaf 
surface an almost unbroken rigidity. The 
mechanical tissues, which with the non- 
green cells containing water constitute 
over half the leaf, minimize the tendency 
of the blade to collapse when water is 
withdrawn. 

In the present study, transverse paraffin 
sections from unopened buds and from 
turgid as well as from naturally and 
artificially wilted mature leaves of 12 
species of xeric grasses were examined to 
(1) compare the condition of bulliform 
cells in the leaf bud and in the wilted 


blade; (2) determine which structural 
elements, through shrinkage, participate 
actively in involution; and (3) contrast 
the mechanisms responsible for unfolding 
of the young grass blade and for rolling 
in wilting. 


Review of the Literature 


Rolling of grass leaves upward and 
inward in drying is frequently attributed 
to decreased turgor of the bulliform cells 
in the adaxial furrows. This mechanism 
was proposed as the means of involution 
in wheat leaves where cuticle is entirely 
lacking on these bulliform cells ( Hayward, 
1938). Others have explained rolling of 
grass leaves as the result of contraction 
upon drying of adaxial, subepidermal 
fibres having a high capacity for imbi- 
bition and a marked tendency to shrink 
upon dehydration ( Tschirch, 1882), or 
this contraction coupled with cohesion 
among green mesophyll cells and among 
the enlarged epidermal cells in the ad- 
axial grooves ( Steinbrinck, 1908). More 
recently involution has been defined as 
a cohesion and shrinkage phenomenon 
rather than a turgor movement, the result 
of a differential contraction of the meso- 
phyll and the rigid, thick-walled lower 
epidermis (Goebel, 1924; Burstrom, 
1942). As the mesophyll cells shorten 
in drying, becoming stretched around the 
vascular bundles, the leaf rolls. Burstrom 
disagrees with Tschirch’s conclusion that 
rolling in wilting is a return to the bud 
condition. Since unfolding from the 
bud and involution are inhibited by 
heteroauxin in concentrations of 10% 
and 10-7 mols/litre respectively, Burstrom 


1. This investigation was made possible by a grant from the Society of Sigma Xi. 
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concludes that both phenomena are growth 
movements. 


Methods and Materials 


For the present study paraffın sections 
cut at 15 u were made from grass leaf 
buds ranging from one-half to three- 
fourths grown and from fresh unwilted 
mature blade samples cut and placed 
directly in formalin-acetic-alcohol. Also, 
adjacent to each of these samples in the 
mature, intact leaf, a blade segment was 
cut which was allowed to wilt 48 hours 
at room temperature ( 20-24°C.) after 
removing from the plant before placing 
in preservative. Samples of mature 
blades wilted naturally on the plant were 
also prepared from 6 of the 12 species. 
In the killing and fixing solution each 
leaf segment retained its characteristic 
appearance, the rolled leaf remaining in- 
folded and the unwilted leaf maintaining 
its natural flat or involute outline. 
Microtome sections from the four groups 
of grass leaves were examined for collapsed 
or buckled cell walls as an indication of 
which tissues, through excessive water 
loss, participate in involution. Contrac- 
tion in different directions in the arti- 
ficially wilted leaf was measured by 
comparison with the dimensions of corres- 
ponding stations in a transverse section 
of the adjacent, unwilted control from 
the same leaf to determine the direction 
and amount of shrinkage contributing 
to rolling. Tissue dimensions in mature 
leaves wilted naturally on the plant were 
compared with those in unwilted controls 
of approximately the same size. Illus- 
trations of the transverse leaf sections 
were drawn to the same scale by project- 
ing cuts typical of each of the four con- 
ditions observed directly to photographic 
enlarging paper, tracing the resulting 
negative image with india ink, and 
bleaching the photographic impression. 

In the illustrations for each species, 
Fig. A shows a section from the leaf in 
the unopened bud. Fig. B represents 
a section from one end of a histological 
sample from the unwilted mature leaf 
removed from the plant and placed 
directly in formalin-acetic-alcohol. F 18€ 
illustrates one of the first sections made 
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from a sample adjacent in the intact 
blade to the one shown in Fig. B, but 
which sample was allowed to dry at room 
temperature 48 hours before placing in 
a killing and fixing solution. Fig. D 
shows a section from a different mature 
leaf wilted naturally on the plant. 

In this paper the term “ bulliform ” 
refers only to epidermal cells in the 
adaxial grooves, while the underlying, 
enlarged, vertically oriented units of the 
mesophyll are designated as “hinge ” 
cells. 


Observations 


BULLIFORM CELLS AND THE UNDER- 
LYING HINGE CELLS IN THE UNOPENED 
GRASS LEAF BUD EXHIBIT NONE OF THE 
DISTORTIONS COMMONLY ASSOCIATED WITH 
WILTING — Bulliform cells in the un- 
opened bud are small, not from shrinkage 
or collapse, but as a result of never having 
undergone the turgor changes and stretch- 
ing growth leading to complete enlarge- 
ment. Stages in the differentiation and 
growth of bulliform cells can be traced 
between successively larger leaf segments 
from the periphery inward to the main 
rib of a single young blade in each species 
(Fig. 2 and A of succeeding figures ). 
These motor cells, which are small and 
turgidly distended where present in the 
unwilted bud, in the mature blade often 
show different degrees of flaccidity in 
wilting, varying with the species and 
conditions of drying. Unfolding of the 
bud is a turgor movement in part from 
stretching in the direction of the long 
axis of individual cells in the adaxial 
mesophyll as well as from enlargement 
of bulliform cells. 

OTHER STRUCTURAL ELEMENTS THAN 
BULLIFORM CELLS MAY PARTICIPATE AC- 
TIVELY IN INVOLUTION — (a) Involution 
may occur in the absence of bulliform 
cells. In the blade of Oryzopsis hymenoi- 
des (Roem. & Schult.) Ricker (Fig. 3) 
no cells in the grooves are sufficiently 
differentiated or enlarged to be designated 
as bulliform cells. The naturally involute 
leaf of this species shows slightly further 
inrolling and characteristic changes in 
tissue dimensions in leaves wilted on the 
plant and in segments allowed to dry 
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Fic. 1 — Transverse section from leaf of Bouteloua breviseta Vasey illustrating the architecture 
of a typical grass blade in so far as it affects involution. 
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Fic. 2— Transverse section from unopened leaf bud of Sporobolus giganteus Nash showing 
several stages in the differentiation of bulliform cells. 


Fic. 3 — Transverse sections of a naturally involute blade of Oryzopsis hymenoides lacking 


bulliform cells and adaxial rib sclerenchyma. 


A, unopened leaf bud. B, unwilted mature leaf. 


C, section from segment adjacent to B in the intact blade but which was allowed to dry 48 hours 
after removal from the plant before placing in formalin-acetic-alcohol. 


48 hours after removal from the blade 
before being placed in formalin-acetic- 
alcohol. In neither case is there detect- 
able buckling in cell walls of either the 
epidermis or the mesophyll. 

(b) Often the thin lateral walls of 
bulliform cells, where present, are not 
collapsed or otherwise distorted in the 
naturally rolled leaves of certain species 
or in the leaf samples of these or other 
species allowed to dry 48 hours after 
removal from the plant before placing in 
preservative. Little shrinkage or distor- 
tion appears in the bulliform cells, and 
no hinge cells exhibit the lobed, inter- 
locking walls indicative of excessive water 


loss from these parts in the naturally or 
artificially wilted leaves of Bouteloua 
breviseta Vasey (Fig. 4), Muhlenbergia 
pungens Thurb. (Fig. 5), Phleum pra- 
tense L. (Fig. 6) or Distichlis spicata 
(L.) Greene. 

(c) A third evidence that other tissues 
than the bulliform cells participate in 
involution is the differential shrinkage of 
the upper and lower rib surfaces illus- 
trated by the contrast between a section 
from the unwilted blade and the sample 
adjacent to it in the intact leaf allowed 
to air dry 48 hours before placing in 
the killing and fixing agent (Table I, 
columns 1 and 4). With the exception of 
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Oryzopsis hymenoides, in which the rib 
differs structurally in that sclerenchyma is 
lacking on the inner or upper surface and 
is not conspicuously present below the 
vascular bundle, shrinkage is more pro- 
nounced in all species on the adaxial rib 
face. Contraction in the lower rib sur- 
face ranges from 63 per cent less than 
along the upper rib margin in Bouteloua 
breviseta to 13 per cent less in Sporobolus 
airoides Torr. ( Fig. 7). This differential 
shrinkage is even more marked in the 
leaf wilted naturally on the plant ( Table 
IT, columns 1 and 4) where adaxial con- 
traction ordinarily is somewhat less than 
in artificially wilted samples from the 
same species, but the lower rib sur- 
face shows a variation from 2-3 per 
cent shrinkage to a 2-3 per cent increase 
compared to the average in mature, 
unwilted leaves. This greater contraction 
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adaxially than in the lower part of the 
rib in the naturally wilted blade is asso- 
ciated with a greater degree of involution 
than in the leaf segment allowed to dry 
48 hours ( C and D of Figs. 4,5, 7 and 8 ). 

Since the amount and direction of 
shrinkage in different tissues should be 
an index to the extent to which each con- 
tributes to involution, dimensions of un- 
wilted and wilted blades of the 12 species 
were measured with an ocular micrometer 
along the arrows indicated in Fig. 9. 
The more or less flattened adaxial rib 
surface was measured along line 1, which 
in most of the 12 species examined repre- 
sents the marginal lateral width of the 
adaxial sclerenchyma. Station 2 connects 
median points in the grooves on either 
side of the midrib. Lateral contraction 
at different levels of the transverse leaf 
section was measured at stations 3 and 4 


Fic. 4 — Transverse sections from a naturally involute leaf, Bouteloua breviseta having well- 


developed bulliform cells. 


A, unopened leaf bud. B, 


unwilted mature leaf. C, section from 


segment adjacent to B in the intact leaf but which was allowed to dry 48 hours after removal from 


the plant before placing in formalin-acetic-alcohol. 


showing greater convexity than C. 


D, mature leaf wilted naturally on the plant, 


F1G. 5 — Transverse sections of a naturally involute leaf of Muhlenbergia pungens. A, unopened 
leaf bud. B, unwilted mature leaf. C, section from segment adjacent to B in the intact leaf but 
which was air dried at room temperature for 48 hours before placing in preservative. D, mature 
leaf wilted naturally on the plant and more completely infolded than C. 


A 


Fic. 6 — Transverse sections from leaves of Phleum pratense. 
mature leaf. C, section from segment adjacent to B in the intact 
room temperature for 48 hours before placing in preservative. 


A, unopened bud. B, unwilted 
leaf but which was air dried at 


Fic. 7 — Transverse sections from leaves of Sporobolus airoides. A, unopened bud. B, unwilted 
mature leaf. C, section from segment adjacent to B in the intact leaf but which was air dried at 
room temperature for 48 hours before placing in preservative. D, mature leaf wilted naturally 
on the plant, showing greater distortion in the adaxial rib surface than C. 


FıG. 8 — Transverse sections from leaves of Sporobolus giganteus. 
ed mature leaf. 


at room temperature for 48 hours before placing in preservative. 
on the plant. 


À, unopened bud. B, unwilt- 
C, section from segment adjacent to Bin the intact blade but which was air dried 


D, mature leaf wilted naturally 


TAS Bt Baar 
Percentage contraction at stations indicated in Fig. 9 in a leaf segment removed from the plant and 
allowed to air dry 48 hours compared to corresponding stations in an unwilted section 
adjacent in the intact mature leaf 
SPECIES NUMBER OF PERCENTAGE SHRINKAGE ALONG STATIONS 
COMPARISONS — NR — 
1 2 3 4 5 
Sporobolus giganteus 9 12 10 ite 6 8 
Muhlenbergia pungens 12 12 5 4 7 15 
Agropyron trachycaulum 6 12 9 10 8 12 
Phleum pratense* 20 — — == = 14 
Andropogon scoparius* 30 — — — — 12 
Poa compressa* 9 — — — — 12 
Sitanion hystrix 9 11 9 5 7 18 
Distichlis spicata 9 13 7 7 7 12 
Stipa vobusta 18 10 6 10 6 5 
Bouteloua breviseta 21 8 8 17 3 11 
Sporobolus aivoides 6 8 6 9 7 8 
Oryzopsis hymenoides 6 5 8 10 10 10 
* Because of the different structural pattern in these leaves measurements were made at only | 
station 5. 


— Lr Lee 
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At ee ee ee eee 
TABLE II 


Percentage contraction at stations indicated in Fig. 9 in mature leaf segments wilted naturally on the 
plant compared to corresponding stations in unwilted mature leaves collected the same day 


SPECIES NUMBER OF 

COMPARISONS 
Sporobolus giganteus 15 
Muhlenbergia pungens 24 
Andropogon scoparius* 49 
Distichlis spicata 15 
Bouteloua breviseta 30 
Sporobolus aivoides 17 


PERCENTAGE SHRINKAGE ALONG STATIONS 


Fe aS — 
1 2 3 4 5 
7 7 34 0 0 
11 2) 24 2; 0 
— — — — 7 
9 6 9 3 0 
8 6 21 0 4 
13 16 33 0 11 


* Because of the different structural pattern in this leaf measurements were made at only 


station 5. 


while vertical shrinkage was read along 
line 5. The average percentage of con- 
traction observed at each station in the 
wilted compared to the unwilted leaves 
is summarized in Tables I and II. 

Within a species the pattern and direc- 
tion of contraction under a given set of 
conditions are fairly uniform with no 
pronounced deviation from the average 
in the sections examined. 

Figs. 3-13 inclusive illustrate the lateral 
shrinkage in adaxial subepidermal fibres 
where present and in the adjacent meso- 
phyll in both naturally and artificially 
wilted mature grass blades. 

In the absence of conspicuous fibres in 
the upper portion of the rib, large meso- 
phyll cells above the vascular bundle 
collapse in the naturally wilted leaf of 
Sporobolus airoides (Fig. 7, D), and the 
bulliform cells show varying degrees of 
buckling. In this species mesophyll distor- 
tion is greater in the leaf wilted natural- 
ly on the plant in midsummer than in 
the severed blade allowed to dry 48 hours 
at room temperature. In the naturally 
wilted leaf of Andropogon scoparius Michx. 
(Fig. 10, D) mesophyll cells above the 
midrib, scarcely modified sufficiently to 
be designated as hinge cells, buckle before 
distortion appears in the epidermis. In 
the sections of this leaf air dried for 48 
hours, however, lateral walls of enlarged 


epidermal cells buckle conspicuously 
(Fig. 10, C). 
Lateral and vertical contraction in 


bulliform and joint cells, reflected in some 


degree in columns 3 and 5 of Tables I 
and II, is no greater than in the adjacent 
and underlying mesophyll. In both types 
of wilting the abaxial surface stands out 
more prominently around the vascular 
bundles than in the unwilted blade as a 
result of the smaller amount of shrinkage 
in the vascular tissue than in the cells 
organized around it. Contraction occurs 
between the ribs both perpendicular 
and parallel to the leaf surface. Shrink- 
age of the joint and bulliform cells may 
take no part in involution except to facili- 
tate the turning inward of the upper leaf 
surface. 

(d) In the absence of living proto- 
plasts the drying of cell walls may cause 
grass blades not held flat to roll more 
tightly than in reversible wilting, and, 
conversely, increasing the cell wall water 
content leads to partial unfolding of dead 
grass leaves. Serial sections were cut 
freehand in elder pith from a Sporobolus 
airoides leaf on a pressed specimen which 
had been in the herbarium for one year. 
The thin freehand section, mounted dry on 
the slide or in glycerine, had the appear- 
ance of the first diagram ( Fig. 14). In 
these freehand sections the bulliform 
cells as well as all the mesophyll cells 
were indistinguishably collapsed in gly- 
cerine mounts. Adjacent serial sections 
mounted in formalin-acetic-alcohol or in 
water instantaneously expanded to the 
position shown in the second and third 
diagrams respectively ( Fig. 14). As the 
cell walls expand from absorption of the 
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mounting fluid cell outlines become recog- 
nizable as the leaf section unrolls to about 
the same curvature as characterizes rever- 
sible wilting. Since the bulliforin cells 
are dead at this point, unfolding of the 
leaf must necessarily be passive from 
absorption of water by cell walls through- 
out the mesophyll rather than by the 
protoplasm or the large central vacuoles 
in the hinge or bulliform cells. The en- 
larged cells adaxial to the vascular 
bundles of the Sporobolus airoides blade 
distend conspicuously as the leaf unrolls, 
appearing to affect expansion to as great 
a degree as bulliform or hinge cells. The 
walls of these enlarged cells above the 
vascular bundle are often distorted in 
the naturally wilted leaf of this species 
(Hise 7) De 

Sections from pressed, dried leaves in 
which bulliform cells were small or en- 
tirely lacking which were rolled similarly 
after sectioning in elder pith expanded 
partially when mounted in formalin- 
acetic-alcohol and more completely in 
water alone. 

Intact dried leaves allowed to soak in 
water for 30 minutes expand in the same 
way as transverse sections from such 
leaves to about the convexity characteriz- 
ing natural involution. This partial ex- 
pansion of a dried leaf through absorption 
by cell walls which are also dead in the 
living blade suggests that decreased 
hydration of the cell wall may figure in 
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reversible wilting. It is not known 
whether the water deficit of walls of living 
cells ever becomes so low as to contribute 
to involution, but the lateral contraction 
of adaxial sclerenchyma observed in most 
of the 12 grass species examined must 
result from cell wall dehydration. 

THE MECHANISMS RESPONSIBLE FOR 
UNFOLDING OF THE YOUNG GRASS BLADE 
AND FOR INVOLUTION IN WILTING ARE 
NOT RELATED — Relative dimensions of 
the ab- and adaxial rib surfaces in the 
Sporobolus giganteus Nash bud and in the 
unwilted mature leaf indicate that blade 
development involves general growth, 
particularly the enlargement of cells in 
the adaxial mesophyll, as well as the 
stretching of bulliform and joint or hinge | 
cells ( Fig. 2). The same developmental 
pattern is characteristic of other species 
examined, apparent in the comparison of 
leaf buds one half to three-fourths grown 
with unwilted mature leaves ( Figs. 3-12, 
A and B). 

Bud dimensions of the 12 grass species 
examined were measured with an ocular 
micrometer along the arrows indicated 
in Fig. 9 to determine which tissues con- 
tribute to unfolding of the blade. TableIII | 
shows the percentage expansion which 
will occur at each station as the bud 
matures, this percentage representing the 
difference in size of the average bud 
examined and the average mature leaf 
of that species at each station. 


Fic. 9 — Diagram showing stations along which measurements were made in estimating con- 


traction in wilting. 


1951] 
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TABLE 


III 


Perceniage expansion at stations indicated in Fig. 9 which will occur before the grass bud veaches 
maturity (vepresenting also the percentage by which the average bud is smaller than the 
average mature leaf at a given station ) 


SPECIES NUMBER OF 

COMPARISONS 
Sporobolus giganteus 112 
Muhlenbergia pungens 18 
Agropyron trachycaulum 6 
Phleum pratense* 20 
Andropogon scoparius* 19 
Poa compressa* 9 
Sitanion hystrix 9 
Distichlis spicata 12 
Stipa vobusta 15 
Bouteloua breviseta Di 
Sporobolus airoides 12) 
Oryzopsis hymenoides 6 


PERCENTAGE EXPANSION ANTICIPATED ALONG STATIONS 


=, 


> + 
1 2 3 4 5 
57 43 45 48 39 
43 25 38 13 23 
46 48 42 39 28 
== = = == 49 
== == = == 28 
= = = = 22 
25 23 25 26 27 
51 41 40 Zi, 47 
37 31 37 43 41 
4 8 13 2 15 
63 51 65 61 45 
32 34 22 où 40 


* Because of the different structural pattern of these leaves measurements were made at only 


station 5. 


The buds measured were considerably 
nearer maturity in some species than in 
others. While individual measurements 
have no significance, the figures suggest 
that in the opening of the bud a fairly 
uniform pattern of general growth exists 
which is much the same in the different 
species. 

Bud development ordinarily also in- 
volves an increase in the number of 
vascular bundles, hence ribs, between the 
half grown and mature stages. A two- 
fold increase in rib number is illustrated 
(A and B) between the bud and the 
mature unwilted section of Bouteloua 
breviseta ( Fig. 4), Phleum pratense ( Fig. 
6), Sporobolus airordes (Fig. 7), and 
Stipa robusta ( Fig. 12), while an increase 
of the rib number by one-third is apparent 
in Sporobolus giganteus ( Fig. 8), Andro- 
pogon scoparius (Fig. 10), and Sitanion 
hystrix (Fig. 11). 

Unfolding of the leaf bud is a turgor 
movement in young, living cells while 
rolling in wilting is largely a cohesion and 
shrinkage phenomenon involving both 
the thickened walls of non-living cells and 
living protoplasts. Although changes in 
mesophyll dimensions as well as in bulli- 
form and hinge cells contribute to both 
phenomena, the involution mechanism 


appears to be in no way related to bud 
development. 


Discussion 


Involution does not result from plas- 
molysis. Through contraction of the 
mesophyll in a vertical direction, plas- 
molysis may cause an increase in width, 
probably by relieving tissue strains 
through shrinkage of protoplasts ( Bur- 
strom, 1942). As a result, the vascular 
bundle ribs become more widely separated, 
and the thick-walled, stiff lower epi- 
dermis, which does not change its length, 
tends to curve backward in plasmolysis 
so that the under side of the blade becomes 
concave ( Burstrom, 1942). Since plas- 
molysis involves turgor change, the dia- 
metrically opposed curvature character- 
istic of wilting leaves implies that involu- 
tion does not result from turgor changes. 
The form of the wilted leaf is determined 
in part by conditions of wilting, however, 
and gradual, careful desiccation may not 
lead to rolling. Leaf segments removed 
and allowed to dry at room temperature 
for 48 hours exhibit less convexity and 
more abaxial shrinkage than those which 
wilt naturally and reversibly on the 
plant. 


Fic. 10 — Transverse leaf sections of Andropogon scoparius. 
mature leaf. 
vative. 


Every epidermis, whether monocot or 
dicot, is potentially capable of alternately 
storing and giving up water. Being 
cutinized except in the furrows of certain 
species, the epidermis of the grass blade 
is more resistant than the mesophyll cells 
to drying effects of the atmosphere. When 
an organ is transpiring rapidly, however, 
the epidermis loses water to photosyn- 
thetic tissue with a higher osmotic pressure 
( Haberlandt, 1928). While photosyn- 
thetic tissue is nearer to the source of 


A, unopened bud. B, unwilted 


X, mature leaf air dried at room temperature for 48 hours before placing in preser- 
D, mature leaf wilted naturally on the plant. 


water supply, the vascular bundle, its 
water is continually being depleted in 
photosynthesis, and its osmotic pressure 
increased by the production of photosyn- 
thate. Loss of water to the mesophyll, 
and especially to the chlorenchyma, as 
well as to the atmosphere, may contribute 
to the collapse of epidermal cells. 

With the exception of Oryzopsis hyme- 
noides, Phleum pratense, Sitanion hystrix 
and Stipa robusta, the girdle arrangement 
of chlorenchyma about each vascular 


F1G. 11 — Transverse leaf sections of Sitanion hystrix. 
C, section from segment adjacent to B in the intact blade but which was air dried at room 
temperature for 48 hours before placing in preservative. 


leaf. 


bundle appears in leaves of all species 
examined. In many xeromorphic dicoty- 
ledon leaves there is a comparable arrange- 
ment of elongate palisade cells around a 
central vascular bundle ( Shields, 1951 ). 

Of the 12 kinds of grass leaves studied 
only those of Oryzopsis hymenoides, Muh- 
lenbergia pungens and Bouteloua breviseta 
are conspicuously involute naturally. 
Such involution cannot be attributed to 
the absence of bulliform cells since this 
cell type, entirely lacking in O. hymenoides 
and inconspicuous in M. pungens, is well 
developed in B. breviseta. 


Summary 


Transverse paraffin sections from leaves 
of 12 species of xeric grasses were examin- 
ed to (1) compare the condition of bulli- 
form cells in the unopened bud and in 


A, unopened bud. B, unwilted mature 


the wilted blade; (2) determine which 
tissues, through contraction, contribute 
to involution in the wilting leaf; and 
(3) contrast the mechanisms responsible 
for unfolding of the grass leaf from the 
bud and for involution in wilting. Sec- 
tions were examined (a) from young grass 
leaf buds one-half to three-fourths grown, 
(b) from fresh unwilted mature blade 
samples cut and placed directly in 
formalin-acetic-alcohol, (c) from a leaf 
segment adjacent in each blade to the 
unwilted leaf sample used directly, but 
which was allowed to dry 48 hours at a 
room temperature of 20-24°C. before 
being placed in preservative, and (d) from 
mature blades wilted naturally on the 
plant. The observations point to the 
following conclusions: 

(1) Bulliform cells in the unwilted grass 
leaf bud are small and turgidly distended 


F1G. 12 — Transverse leaf sections of Stipa robusta. A, unopened bud. B, unwilted mature 
leaf. C, section from segment adjacent to B in the intact blade but which was air dried at room 
temperature for 48 hours before placing in preservative. 
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Fic. 13 — Transverse leaf sections of Agropyron trachycaulum. B, unwilted mature leaf. 
C, section from segment adjacent to B in the intact blade but which was air dried at room tempera-| 
ture for 48 hours before placing in preservative. 
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SHIELDS — MECHANISM IN LEAVES OF XERIC GRASSES 


rather than flaccid and collapsed as in 
the wilted blades of certain species, never 
having undergone the turgor changes and 
stretching growth associated with en- 
largement. Unfolding from the bud in- 
volves general growth, particularly in the 
adaxial mesophyll, and does not result 
primarily from the enlargement of bulli- 
form cells. 

(2) Other structural elements than bulli- 
form cells contribute to involution. (a) 
Rolling in drying, accompanied by typical 
tissue contractions, is characteristic of 
certain grass leaves entirely lacking in 
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bulliform cells, and these cells where 
present in the wilted leaf often show no 
buckling of the walls or other distortion. 
(b) Since average measurable shrinkage 
in a lateral direction, which is negligible 
on the abaxial surface of naturally wilted 
leaves, amounts to 7-12 per cent on the 
upper rib face in leaves wilted naturally 
on the plant or removed and air dried for 
48 hours, subepidermal sclerenchyma and 
other adaxial elements of the mesophyll 
must contribute to involution. Fig. 15 
summarizes the information contained in 
Tables I, IT, and III, showing the average 


FORMALIN-ACETIC-ALCOHOL 


WATER 


Fic. 14 — Outlines of freehand sections from the blade of an herbarium specimen of Sporobolus 
airoides cut serially and mounted in glycerine, formalin-acetic-alcohol or water, illustrating un- 
folding of the rolled leaf in the absence of living protoplasts by the absorption of fluid by cell walls. 
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percentage contraction observed at each 
station in mature grass blades air dried 
for 48 hours (C) and in mature blades 
wilted naturally on the plant (D), as well 
as the percentage expansion to occur in 
the average unopened bud before maturity 
(A). (c) Since freehand sections from 
dried and rolled grass leaves from her- 
barium specimens unfold partially when 
placed in formalin-acetic-alcohol or water, 
and the intact dried leaves react in the 
same way, somewhat more slowly, in- 
volution must result in part from a 
decreased water content in non-living 
walls of cells which may or may not con- 
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Fic. 15 — Summary of the information contained in Tables 1, IL and III. 


examined (A) 
bud measured before it reaches mature size, (©) 
at each station in the mature grass blade air d 
acetic-alcohol, while (D) 


in a mature blade wilted naturally on the plant. 
illustrated in Figs. 3-13 and are not necessarily of the average dimensions indicated by the super- 


imposed figures. 
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Ke) 


PRATENSE 


ORYZOP SIS 


tain protoplasts. Rolling cannot result 
entirely from turgor movement, which, 
by definition, is a reversible change in the 
water content of living cells. Water loss 
by protoplasts alone is insufficient to 


cause involution in a leaf composed 


largely of non-living mechanical tissue. 


The form of the wilted leaf is determined © 


by a number of elements of the mesophyll, 
the buckling of hinge and bulliform cells, 
where it occurs, being in part from passive 
compression. 

(3) The rolling mechanism, which in- 
volves chiefly cohesion and shrinkage in 
both living and non-living parts, is not 
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related to the unfolding of the develop- 
ing grass leaf bud, which is a turgor 
and stretching movement at a time when 
the cell walls are highly elastic. Leaves 
which wilt naturally on the plant are 
more completely infolded than those 
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removed and allowed to air dry for 
48 hours. 

Any one explanation of involution in 
wilting grass blades cannot be applied 
universally because of the histological 
variations of different genera. 
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MAHESHWARI, P, 1950, "An Intro- 
duction to the Embryology of Angio- 
sperms.” Pp. 453; text-figures 216. 
McGraw-Hill Book Co. Inc. £2 IIs. 


EMBRYOLOGY is the study of how an 
organism is made. By analogy with 
zoology, plant embryology should cover 
the stages in the life-cycle from the zygote 
to the establishment of the offspring. 
But, botany has also the asexual genera- 
tion to consider. The sporeling in crypto- 
gams has generally no embryonic stage. 
In the Spermatophyta the sexual genera- 
tion is so telescoped, however, that from 
megaspore to mature seed there is in the 
ovule a continuous embryonic, and hetero- 
trophic, succession through the female 
gametophyte to the new sporophyte. 
Professor Maheshwari takes this broad 
view, and the embryology of Angiosperms 
begins for him with sporogenesis. The 
result is an extraordinarily useful and 
coherent account of those key points in 
the life-cycle which had become too 
recondite in modern research for the 
general botanist. A great deal of this 
research has been carried out in India by 
the author and his school, and it is note- 
worthy that, in the midst of this maze 
of specific, generic and family detail in 
sporogenesis, embryo sac, endosperm and 
embryogeny, which is coming to light, he 
has seen so clearly as to give a well- 
written and concise account, useful at 
once to the lecturer, the undergraduate 
and the research worker. One emerges 
from the armchair with the feeling that 
the author has entirely appreciated, and 
deftly exemplified the subject from the 
historical sketch, beginning on page one, 
to the experimental and the theoretical 
considerations at the end. Each chapter 
has its own detailed bibliography, and 
throughout there are admirable illustra- 
tions. How strong must have been the 
temptation to publish a compendious and 
unreadable reference book, and how much 
more satisfactory is this introduction ! 


Chapters nine and ten on the vexed 
questions of apomixis and polyembryony 
are welcome. Chapters eleven, on the 
relation of embryology to taxonomy, and 
twelve, on experimental embryology, show 


the importance of the subject to other | 


branches of botany. It is much to be 
hoped that the author will extend in 
another work this taxonomic aspect. 

Three important subjects have been 
omitted, however, evidently on purpose, 
for they concern the late stages in em- 
bryology, namely the form of the embryo 
in the seed, the construction of the seed, 
and its germination. To have included 
any satisfactory account of these in this 
one book would, doubtless, have made it 
too large. 

A point which puzzles the reviewer is 
the meaning of the classifications for 
the various kinds of embryo sac, endo- 
sperm and embryogenesis. The different 
types seem to have little or no taxonomic 
significance. Either they are examples 


of polyphyletic convergence in diverse | 


families, so often the case among angio- 
sperms, or the classifications are not 
critical enough and apparent similarities 
in different families have been confused. 

A minor point is the use of generic 
names for examples without family 
reference. It is a problem in all wide- 
ranging, yet non-taxonomic, works. Bota- 
nists can hardly be expected to know more 


than a small fraction of the number of | 


generic names, though probably acquaint- 
ed with most family names by means of 


which the facts may mentally be cata- | 


logued. Either one must be prepared 
to read with Willis’s Dictionary within 
easy reach, or, aS seems more expedient, 
family and subfamily or tribal names are 
added in parenthesis after the generic 
name in the index. 

The format and printing are excellent, 
and it is a joy to have this volume on the 
bookshelf. 


E. J. H. CoRNER 
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EURE AOVEREOETIS Ly 0 and 
BOP Eee Wea 1950.) Botany A 
Textbook for Colleges.” McGraw-Hill 
Book Co. Inc. $5.50. 


THE second edition of this book, appearing 
about 15 years after the first, has been 
considerably enlarged and is a welcome 
addition to the text-books on botany. As 
is usual with all McGraw-Hill books, the 
printing, illustrations and general get up 
are excellent. The present volume is a 
useful departure from many other text- 
books in so far as the chapters on morpho- 
logy of the vegetative and reproductive 
organs follow each other and are closely 
integrated so as to give a co-ordinated 
account. Another outstanding feature is 
the inclusion of a large number of new 
and original drawings and photographs. 
Some of these, such as Figs. 275, 280, 292 
H-I and 294, are, however, amateurish 
and ought to be replaced by better ones in 
a subsequent edition. 

As pointed out by the authors in the 
preface, information on several important 
topics like meiosis, antibiotics, vitamins, 
hormones, “ tagged ” elements, diatoms, 
viruses and actinomycetes has been added. 
Recent views on photosynthesis, respira- 
tion, fermentation, enzymes and economic 
importance of the fungi have also been 
incorporated. Several chapters (2, 3, 10, 
12, 13, 16 and 19) have been rewritten 
and substantial changes have been made 
in most of the others. 

The text is divided into two parts, the 
first comprises 12 chapters dealing with 
the morphology, anatomy and physiology 
of the vegetative and reproductive organs. 
The second part is devoted to the syste- 
matic study of the different plant groups 
in six chapters (13 to 18) and the two 
following chapters (19 and 20) deal with 
systematic botany and heredity. 

Some of the topics like “ antibiotics ”’ 
( page 427) should have been dealt with 
in slightly greater detail. Under the 
heading “ Variations in reproductive pro- 
cesses’ (page 625) only the Fritillaria 
type of embryo sac has been described. 
It would have been profitable to include 
a brief and general account of the other 
types of embryo sacs in angiosperms so as 
to familiarize the student with the varia- 
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tions in the female gametophyte in this 
large group. Some other topics like the 
“tunica corpus ” concept and “ methods 
of plant improvement ” should have 
received a place in the chapters dealing 
with the stem (chapter 8) and heredity 
( chapter 20 ). 

I have no doubt that the utility of the 
book would have been considerably en- 
hanced by addition of such important 
subjects as Ecology, Economic and Applied 
Botany, and Evolution. Chapter 19 deal- 
ing with 10 dicotyledonous and 4 mono- 
cotyledonous families of flowering plants 
could hardly be expected to do justice to 
the taxonomic study of angiosperms and 
should either have been omitted or con- 
siderably enlarged. By the time the 
next edition is brought out, it may be 
necessary to divide the single volume into 
two and make it more exhaustive. 

B. M. JOHRI 


BESSENA ea 195% 
Taxonomy of Fungi.” 
Company, Philadelphia. 
50s. 


“Morphology and 
The Blakiston 
Pp. xin +791. 


SIXTEEN years ago Prof. E. A. Bessey, 
now Emeritus Professor of Botany at the 
Michigan State College, East Lansing, 
Michigan ( U.S.A.), produced a text-book 
of myco!ogy which almost completely re- 
placed most other books on this subject 
that had been written till then in the Eng- 
lish language. When the reviewer was in 
the U.S.A. in 1946, he had opportunity of 
seeing the typescript of the present publi- 
cation entitled “ Morphology and Taxo- 
nomy of Fungi ” which is about twice the 
size of the previous work and has many 
new and improved illustrations. The 
change of title is for the better because this 
expresses the author’s intent more clearly 
than the previous title of ‘ Mycology ” 
which includes many other phases of the 
study of fungi. All groups of fungi are in- 
cluded and at the end there is an exhaust- 
ive list of the important literature on the 
subject. There are keys to the families 
and important genera belonging to each 
group. 

Among parasitic fungi perhaps the 
Deuteromycetes take the heaviest toll of 
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our crop plants. It is, therefore, most 
appropriate that they have not been 
set aside as by many other writers. In 
the reviewer’s opinion this section may 
perhaps be further expanded in the next 
edition. 

Few persons in the world are better 
qualified than Prof. Bessey to write a 
text on the morphology and taxonomy 
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of fungi and he may be said to have done 
his job most ably. It is possible that 
the elementary student or one who is 
concerned merely with passing examina- 
tion may find the book rather heavy, but 
to the senior student and the research 
worker it willremain a mine of informa- 


tion for along time. 
P. MAHESHWARI 


SUGGESTIONS 


1. Length — Articles may be written 
in English, French or German. Although 
no definite limit can be laid down, papers 
should not generally exceed 20 printed 
pages. While it is recognized that full 
detail is essential in many cases, a good 
many articles can be shortened by changes 
in wording, by avoiding a description of 
what is already well known, and by 
elimination of repetition. 

2. Format — Authors are requested to 
examine this copy of PHYTOMORPHOLOGY 
to note the general organization, position 
of headings, punctuation and abbrevia- 
tions in order to bring the script into con- 
formity with the general style of the 
journal. Footnotes should be numbered 
consecutively. 

3. Typescript — In many papers foot- 
notes, bibliographies, descriptions of fig- 
ures, etc., are typed single spaced. Since 
such material requires as much editorial 
marking as the rest, authors are urged to 
use double spacing throughout. 

4. Literature citations — These are to be 
typed double spaced like rest of manu- 
script. Give complete citation: author, 
year, title, journal name, volume number 
and inclusive pages, and in abbreviating 
names of journals follow World List of 
Scientific Periodicals. The words ‘ Indian ’ 
and ‘ Indiana ’ should not be abbreviated. 
A sample citation is given below: 


STOKEY, A.G. 1951. The contribution by 
the gametophyte to classification of the 
homosporous ferns. Phytomorphology 
1: 39-58. 


5. Headings — The patterns of headings 
should be as simple as possible and not 
more than three classes are to be used. 
Headings of the first class should be 
underscored with a bold wavy line, of the 
second with two parallel straight lines 
and of the third with a single straight line. 

6. Illustrations — Drawings should be 
made with pen and undiluted Indian ink 
for reproduction by the zinc etching 
process. Group as many drawings as 
possible and mount them close together 
on heavy white cardboard for reduction 
to the width of a single column (6 cm.) 


TO AUTHORS 


or to the full width of the page ( 13 cm. ). 
A part or all of the length of the type 
page (20 cm.) may be utilized but it 
would be helpful if enough space is left at 
the bottom to permit insertion of legend 
below the figures. Author’s name and 
figure number must be written on the 
back of each mount. Do not put legends 
into or on the figure but type them 
double spaced, using a separate paragraph 
for every group of figures. Photographic 
prints should be glossy with strong con- 
trasts. Line drawings will be preferred, 
however, both because of the lower cost 
of reproduction and their relative clear- 
ness. 

7. Plant names — Latin names should 
be used in all cases and when a plant is 
comparatively little known, the name of 
the family should be given in brackets. 
Underline both generic and specific names 
throughout the manuscript. Specific 
names should always be written with a 
small letter. 

8. Acknowledgements — Place these at 
the end of the paper just after “ Sum- 
mary ” and before “ Literature Cited ”’. 

9. Address — The name of your insti- 
tution should be given at the beginning 
just below your own name. 

10. Galley proof — It is extremely im- 
portant that galley proofs are promptly 
returned to the editor. Authors will be 
billed at cost for alterations in proofs 
other than corrections of printer’s errors. 
In the case of foreign contributors one 
proof will be sent whenever possible. It 
is useful to write across top of title page of 
manuscript directions for mailing of proof, 
thus: Mail proof to (authors name and 
vacation address if any). If authors wish 
to have original illustrations returned sub- 
sequent to publication, the editor should 
be so informed at the time proof is 
returned. 

11. Reprint order — This should be sent 
to the editor with corrected galley proof. 
Type is destroyed immediately after 
printing and hence it becomes impossible 
to supply reprints after publication of 
papers. Thirty reprints are supplied free 
to the author, 
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